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PREFACE 


The incentive to carry out the investigation presented in this 
report originated when, in collaboration with Mr. V. Tommila, 
M. D., I studied the possibility of using the »cord factor, isolated 
by H. Bloch, as the antigen in a serological test for tuberculosis by 
the complement fixation technique. Professor E. Uroma, M. D., 
chief of the State Serum Institute, suggested in this connection 
the parallel use, as in the serological diagnosis of syphilis, of a 
number of serological tests for tuberculosis. Despite the great limita- 
tions of space and the heavy pressure of work at the Institute 
headed by Professor Uroma, I was permitted to conduct the studies 
there and I am greatly indebted to him for the unfailing interest 
with which he followed the progress of the work and for the support 
and guidance which made its continuation and completion possible. 

Encouraging interest was shown in my investigation by Pro- 
fessor H. G. Haahti, M. D., Professor of Tuberculosis in the Univer- 
sity of Helsinki, and his death prior to the completion of these 
studies was a great loss to me. 

I am also deeply grateful to Professor K. O. Renkonen, M. D., 
chief of the Department of Serology and Bacteriology in the Uni- 
versity of Helsinki, for his encouragement and practical advice at all 
times and for examining the completed report. 

Docent J. Patiala, M.D., has been a valuable support to me 
in the handling of the clinical aspects of the case series, especially 
by instructing me in the classification and evaluation of the tuber- 
culous cases. 

I wish to express my thanks to Miss Eeva Alameri, Ch. E., 
and to Mr. A. Louhivuori, Mag. Phil., for friendly advice and 
assistance in the preparation and analysis of the antigen used in 
the tests. My thanks are also due to Miss Raija Ijaés and Mrs. 
Anna-Liisa Sallinen for willing help in the practical performance 
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of the tests. The assistance of Mr. M. Kajamaa, Mag. Phil., in the 
statistical treatment of the results is acknowledged with thanks. 

I also extend my thanks to all persons who kindly have assisted 
me in the collection of blood samples and the selection of hospital 


records. 
Finally I thank Miss Elvi Kaukokallio for translating this report 


into English. 
Helsinki, April, 1954. 


Helge Honkapohja. 
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INTRODUCTION 


Although tuberculosis, especially of the pulmonary type, can 
usually be readily recognised in x-ray and sputum examinations, 
attempts have been made for over 50 years to develop also a suit- 
able serological test for tuberculosis. Among such tests are the 
agglutination reactions, various precipitation reactions, comple- 
ment fixation reactions, and different chemical reactions, the last 
mentioned being usually based on changes in the blood proteins. 
The agglutination tests were soon discarded, as they proved to be 
highly non-specific and as the production of a homogeneous tubercle 
bacillus suspension was difficult. Among precipitation tests prob- 
ably the best known are that of Lehmann-Facius and Loeschke, of 
1926, in which an alcoholic extract of tuberculous tissue is used 
as antigen, and the Meinicke reaction of 1933, in which the antigen 
consists of structural parts of the tubercle bacillus obtained by 
extraction of bacilli with alcohol and water. The complement fixa- 
tion tests most widely in use are those of Besredka, 1913, Boquet- 
Négre, 1921, and Witebsky-Klingenstein-Kuhn, 1931. The Vernes 
resorcin flocculation test of 1926 is probably the most commonly 
used chemical reaction. 

A new type of serological reaction was developed by Koegh, 
North and Warburton in 1947 (121). Their technique consists in 
adsorption of bacterial polysaccharides to the surface of red cells 
and agglutination of the treated cells by serum immunised with 
the bacterium corresponding to the polysaccharide used. In 1948 
Middlebrook and Dubos (132) adapted this reaction to the study of 
tuberculosis and in 1950 Middlebrook (133) described a technique 
in which addition of complement produced hemolysis of the red 
cells by the serum of patients with tuberculosis. 

Although research work on the hemagglutination and hemo- 
lysis reactions has been relatively active in recent years, there are 
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very few comparative studies of these reactions and earlier sero- 
logical tests for tuberculosis. Gernez-Rieux and Tacquet (104) 
compared the hemagglutination test with the Besredka and Boquet- 
Négre tests in 124 cases of pulmonary tuberculosis and found that 
85 per cent of the cases were positive in the hemagglutination test, 
74 per cent in the Besredka test and 73 per cent in the Boquet- 
Négre test. The control series comprised 61 sera of healthy persons, 
5 per cent of which gave a positive reaction in the hemagglutination 
test, 23 per cent in the Besredka and 26 per cent in the Boquet- 
Négre test. Lucentini and Boisvert (125) studied the same reac- 
tions as well as Middlebrook’s hemolytic modification. In the latter, 
however, they used human O Rh — cells, which are poorly suited for 
this test. The incidences of positive reactions in the tuberculotic 
cases were as follows: hemagglutination test, 75 per cent; hemo- 
lytic modification, 45 per cent; Besredka test, 56 per cent; Boquet- 
Négre test, 70 per cent. Popp (136), in a series of 140 cases, obtained 
definitely positive reactions in 66 cases in both the hemagglutination 
and the hemolysis tests. When using the Witebsky-Klingenstein- 
Kuhn and the Meinicke tests, 34 of these 66 cases were positive 
in the former but only 6 in the latter test. The results obtained 
in these comparative studies lead us to strongly believe that the 
new reactions offer improved possibilities for the employment of 
serological tests as a diagnostic aid in tuberculosis. 

A fair amount of study has been devoted also in Finland to 
serological tests for tuberculosis. In 1936 Salmenkallio (165) pub- 
lished his investigation on the Witebsky-Klingenstein-Kuhn reac- 
tion, in 1939 Streng (76) employed the Witebsky-Klingenstein- 
Kuhn and the Meinicke tests in studying the blood sera and synovial 
fluid of patients with affections of the knee joint, and Honkanen 
(164) reported in 1940 the results of parallel tests with the Besredka 
and the Witebsky-Klingenstein-Kuhn reactions. 








REWIEW OF THE LITERATURE 


EARLIER INVESTIGATIONS WITH THE MEINICKE TEST 
FOR TUBERCULOSIS 


Principle of the Test. — Meinicke based his test on the use of a 
compound antigen. For this purpose he prepared from tubercle 
bacilli an alcoholic extract containing lipids and an aqueous extract 
containing proteins and polysaccharides. Addition of these antigens 
in given proportions to the serum of a tuberculotic patient produced 
a precipitate, the nature of which was estimated in order to deter- 
mine the positivity of the reaction. 

Preparation of the Antigens and Development of the Technique. — 
Before Meinicke (51) published in 1933 the test he had developed 
especially for tuberculosis, Haag and Dane (26, 27) and Nagell (63) 
used a kind of modification of the Witebsky-Klingenstein-Kuhn 
reaction, in which they added to the antigen the immunity antigen 
originally developed by Meinicke in 1917. In his serological test of 
1933 for tuberculosis Meinicke employed as antigen the alcoholic 
extract of tubercle bacilli, to which were added lipids from beef 
heart muscle and Witebsky-Klingenstein-Kuhn antigen. However, 
in the following year (52) he altered the composition of this antigen 
by substituting for the last mentioned component the water-soluble 
portion of tubercle bacilli. No exact description of the preparation of 
the antigens is given in the literature, but his technique was approx- 
imately as follows. The tubercle bacilli are first extracted with 
ether, which is discarded and the balance removed by desiccation. 
The bacterial mass is extracted first with alcohol and then with 
water, and balsam of tolu and Victoria blue are added in given 
proportions to the alcoholic extract to sensitise the reaction and 
facilitate its reading. 

In his first reaction Meinicke used four test tubes for each serum. 
To the first tube he added strong alcoholic antigen, to the second 
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weak alcoholic, to the third water-solubie, and to the fourth control 
antigen. For the last mentioned he used syphilis antigen M.K.R. II. 
In 1937 Meinicke (57, 58) changed his earlier test method by adding 
to the water-soluble antigens small amounts of beef broth in which 
the tubercle bacilli had grown, thus increasing the effect of the 
antigens. He altered the technique further by transfer to a three- 
tube system and by first using room temperature and then the water 
bath. The latter reading in particular he considered very important. 
In 1940 he published (60) the dried blood test, which he had devel- 
oped for the diagnosis of tuberculosis and syphilis in mass exami- 
nations. In this test he employed only concentrated aqueous and 
alcoholic tuberculosis antigens. 

Three different methods are used for reading the Meinicke 
reaction. In the microscopic method the test tube series are kept in the 
thermostat at +20° C for 2—3 hours and the reading is made at a 
60-fold magnification. The development of a coarse, granular pre- 
cipitate indicates a positive reaction and fine particles a negative 
reaction. In the centrifugation method the test tube series is centri- 
fuged for 20 min. at a speed of 2000—2500 r.p.m., the supernatant 
fluid is discarded, and the test tubes are kept in an inverted posi- 
tion for 15 min. In a strong positive reaction the sediment will not 
flow at all, in a weak positive reaction it is partly fluid, and in a 
negative reaction it is completely fluid and runs along the tube wall. 
In the so-called »Kuppen» technique the test tube series is placed in 
the water bath for 24 hrs., after which a reading is taken and the 
tubes are shaken and allowed to stand at room temperature for 
24 hrs. If the reaction is positive a granular precipitate covers the 
entire bottom of the tube; if it is negative a uniform fine precipitate 
is seen in the centre of the tube bottom. 

The technique of the Meinicke reaction has not been modified 
to any great extent by other workers, who either have employed 
one of his methods as such or have used all his methods simul- 
taneously or successively. Hartwich (30) added potassium or cal- 
cium chloride to the saline solution but this rendered reading of the 
control tube more difficult. Berdel and Biihler (3) observed that 
lamp heat in the micro method accelerated the reaction so that a 
reading was possible already after 45 min. Originally in the »Kuppen» 
technique the test series was first placed in the water bath at +37° 
C and then kept at room temperature, but, as already stated above, 
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Meinicke (57) reversed the order, as he considered that heat, if 
used first, rendered the reaction exceedingly weak. Reading of 
the reaction in the micro method is difficult and for this reason it 
has been abandoned later by many investigators, e.g., Bohne (12), 
Dissman und Dissman-Wosak (17), Schulte-Tigges (70) and Jochims 
(35). Most workers regard the »Kuppen» technique as the best, and 
it has gained the widest use. Meinicke stated in 1943 (60) that he 
was inclined to prefer the centrifugation technique. Reading of 
results in the Meinicke test is generally considered relatively diffi- 
cult, as stated for instance by Volk (83) and Bohne. Many workers, 
e.g., Weiland (80) and Volk, used only the second reading, since 
the differentiation of positive and negative reactions is then less 
difficult. 

Schulte-Tigges (70) considered Meinicke’s dried blood reaction a 
good test to supplement x-ray examination, but Meinicke himself 
felt that it was not very suitable for mass examination. 


POSITIVITY OF MEINICKE TEST IN TUBERCULOSIS 


Meinicke (54) found that his test gave in pulmonary tuberculosis 
the strongest positive reaction in the chronic type with a tendency 
to scar formation, whereas in acute processes it was frequently 
negative. Bohne (12) made the same observation. Gaethgens and 
Schulten (22) found the test negative in tuberculous meningitis 
and miliary tuberculosis, and Kriech (43) obtained negative reac- 
tions in fresh infiltrations and miliary tuberculosis and in fatal 
cases of pulmonary tuberculosis. In the studies by Leitner (45) the 
reaction was negative in most cases of exudative pleuritis. Becker 
(2) stated that the Meinicke test gave the strongest positive reac- 
tions in chronic cases and weakly positive reactions in fresh cases 
of pulmonary tuberculosis and in mild processes in the apical and 
upper fields, whereas it was negative in the presence of extensive 
exudative changes or a small apical process in the lungs and in 
pneumothorax and miliary tuberculosis. 

In childhood tuberculosis Kielhorn (38) obtained a positive Mei- 
nicke reaction in 90 per cent of cases and Zeyland and Piasecka- 
Zeyland (86) in 50 per cent only. Brackman (10) observed that the 
fresher the process and the younger the child, the more rarely the 
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reaction was positive. Nordenfelt (64) reached the conclusion that 
the Meinicke test is of no clinical significance in childhood tuber- 
culosis. 

Comparative good results were obtained by Bohne (12) in sur- 
gical tuberculosis, for in his series of 308 cases the reaction was 
positive in 196 cases, or in 64 per cent. On the other hand, a posi- 
tive reaction was obtained by Fernandez (20) in only 17 cases in a 
series of 40 cases. Gullotta (24) reported a positive reaction in 
80 per cent of his cases of surgical tuberculosis. Gundel and Heine 
(25) used the Meinicke test in urogenital tuberculosis and found a 
positive reaction in 32 out of 50 cases. Krelle (42) generally obtained 
a weak positive reaction in surgical tuberculosis. In Streng’s (76) 
series of 87 cases of bone tuberculosis 21 cases gave a definitely 
positive Meinicke reaction. Wulff (84) made the observation that 
the reaction usually was negative if the tuberculous piocess was 
in the small joints. Volk (83) did not asciibe great significance to this 
test in the diagnosis of bone tuberculosis, since it was negative in 
the initial stage and only became positive when the diagnosis could 
already be mac* by other means. 

In tuberculosis of the skin the Meinicke test generally gives a 
negative or a weak positive reaction (4). In 100 cases of lupus Mei- 
nicke (56) found a positive reaction in 21 cases only. Laue (44) was 
unable to obtain any positive reactions in 35 cases of tuberculosis 
of the skin. According to Hassko and Miiller (31) the reaction is 
rarely positive in this disease and they considered the process too 
small and too superficial to incite the formation of antibody in the 
blood. 

In tuberculosis of the eye, Jacob (34) obtained a positive reac- 
tion in 33.4 per cent of his cases. 


SO-CALLED NON-SPECIFIC REACTIONS 


Meinicke (54) observed in his test a positive reaction as fre- 
quently in syphilis as in tuberculosis. In such cases a strong positive 
reaction was also seen in the control tube. To remove this draw- 
back he developed a method of saturation in which 1.25 ccm of 
control antigen in the usual dilution was added to 0.5 ccm of serum, 
the mixture centrifuged for 15 min., the supernatant fluid poured 
into a test tube, and the result read in the usual manner. The satura- 
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tion could be carried out a number of times. Regardless of this 
tieatment a part of the syphilitic sera remained positive. Miiller 
and Schedtler (62) and Olinescu and Huhulea (66) were of the opinion 
that differentiation between syphilis and tuberculosis is not possible 
in the Meinicke test. On the other hand Meyer (61) and Waldvogel (78) 
considered differentiation possible by the saturation method in 
about 90 per cent of cases. Leitner (47) suggested heating of the 
serum to +62 — +-64°C., since the syphilis antibodies are more sen- 
sitive to, heat, or precipitation of the euglobulins since the syphilis 
antibodies accompany this fraction, whereas the tuberculosis anti- 
bodies follow the pseudoglobulin and albumin fractions. 

Ohmichi (65) in examining 120 patients with leprosy found the 
Meinicke test positive in 78 per cent of the cases. It was positive 
in 6 cases in a series of 22 cases of typhoid fever studied by Bohm 
and Griiner (13). Kielhorn (38) observed that acute infectious 
diseases frequently gave a positive reaction. Meinicke (59) and 
Eickhoff (19) were of the opinion that infectious diseases other 
than tuberculosis may re-activate antibody formation against this 
disease. Spinedi (75) observed that patients with tetanus who had 
received large amounts of tetanus serum as a therapeutic measure 
frequently gave a positive reaction. Zeyland and Piasecka-Zeyland 
(86) obtained a positive reaction in 3 out of 6 cases of diphtheria, 
and all 5 diphtheria sera in Brackman’s series (10) were positive. 
The positive reactions seen in leprosy and diphtheria were ascribed 
by Meinicke (59) and Eickhoff (19) to the relationship of the bacte- 
rial agents in these diseases to the tubercle bacillus, which is close 
enough to render the structure of their antigens similar. In diabetes, 
Kalk and Burgmann (37) frequently obtained positive reactions, 
whereas Schriek (72), in a series of 30 diabetic patients, found a 
positive reaction in 2 cases only. In a closer follow-up examina- 
tion these cases, furthermore, proved to be tuberculotic. Non-spe- 
cific reactions were seen by Bohne (12) in recent cases of endo- 
carditis, in renal diseases with a high non-protein nitrogen level in 
the blood, and in cirrhosis of the live: associated with icterus. A 
positive reaction was frequently obtained by Eickhoff (19) in 
asthma and malaria. Corbia (15) and Besta (6) often found the test 
positive in rheumatoid arthritis, and Leitner (47) and Heine (32) 
in pregnancy. 
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COMPARISON OF THE MEINICKE TEST AND OTHER 
SEROLOGICAL TESTS FOR TUBERCULOSIS 


Bohm and Griiner (13) carried out parallel tests with tuberculo- 
tic sera, using the Besredka, Boquet-Négre, Kabelik-Zdaril, Witeb- 
sky-Klingenstein-Kuhn and Meinicke reactions. In their study the 
Meinicke and Besredka tests proved the best and gave positive 
reactions in over 70 per cent of cases of pulmonary tuberculosis. 
However, the control series gave a positive Besredka reaction in 
31.3 per cent of cases but a positive Meinicke reaction in 6 per cent 
only. Heymer and Schulte-Tigges (33) made comparative studies 
of the Besredka, Lehmann-Facius and Loeschke, and Witebsky- 
Klingenstein-Kuhn tests and of three different techniques of the 
Meinicke test. The best proved to be Meinicke’s »Kuppen» test, 
which in active pulmonary tuberculosis was positive in 75.4 per 
cent. Mazet (49) carried out parallel tests with the Besredka and 
Meinicke reactions, which gave approximately the same incidence 
of positive results in tuberculosis; however, the Besredka gave a 
larger number of non-specific reactions. These tests were also studied 
by Olinescu and Ghioghiu (67), who found that positive reactions 
were equally frequent in both tests in exudative tuberculosis but 
more frequent in the Meinicke test in fibrotic tuberculosis. The 
Meinicke »Kuppen» test and the Boquet-Négre test were used by 
Zeyland and Piasecka-Zeyland (86), who obtained a larger number 
of positive reactions by the latter method. In tuberculosis of the 
bone Streng (76) obtained positive reactions in 14.4 per cent with 
the Witebsky-Klingenstein-Kuhn and in 24.1 per cent with the 
Meinicke test. Koss (40) used in parallel tests the Meinicke and the 
Witebsky-Klingenstein-Kuhn methods as well as the latter method 
sensitised with ammonium sulphate and found the Meinicke reac- 


tion to be best. 


COMPARISON OF THE MEINICKE TEST AND SOME 
CLINICAL TESTS 


Gaehtgens and Schulten (22) demonstrated that the results of 
the tuberculin and Meinicke tests do not confo1m, as healthy tuber- 
culin-positive persons may give a negative Meinicke test, and a 
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negative tuberculin test may be seen in association with positive 
Meinicke reaction in tuberculosis. The same observation was made 
by Agostoni (1). Lammli (48) stated that there apparently exists a 
marked difference between the tuberculin-sensitivity of the skin 
and the amount of antibody in the serum. Bernath (5) studied the 
correlation between a positive Meinicke reaction and the intensity of 
the Mantoux skin test and found no conformity. 

Croce (16) observed no correlation between the Meinicke test 
and the blood sedimentation rate, and he therefore considered the 
former a true immunity reaction and not merely a blood lability 
test. Agostoni, on the other hand, observed that a negative 
Meinicke reaction was frequently obtained in the presence of a low 
sedimentation rate. Hardt (29) usually found the Meinicke reac- 
tion positive when the blood lymphocyte count was high. Eickhoff 
(19) also considered the Meinicke test a true antigen-antibody reac- 
tion. This opinion he based on the negative reaction obtained in 
severe cases of pulmonary tuberculosis associated with high fever 
and a high sedimentation rate and, on the other hand, the strong 
positive Meinicke reaction that might be obtained even in the pres- 
ence of a low sedimentation rate. Evidence in the same direction 
was the reversal of the positive blood lability reactions on slight 
dilution of the serum, whereas the Meinicke test frequently remained 
positive even if the serum was diluted 1: 20. 


SUMMARY OF RESULTS OBTAINED WITH THE MEINICKE 
TEST FOR TUBERCULOSIS 


To obtain a better review of the results reported by various 
investigators I have compiled in table 1 the results I have found in 
the literature. Most of the workers have listed the different forms 
of pulmonary tuberculosis separately, indicating a higher incidence 
of positive reactions in the fibrotic forms than in the exudative 
forms. In this table, however, I have differentiated only the active 
and the inactive forms of pulmonary tuberculosis. Where a special 
category of patients was concerned, this is stated in the »Remarks» 
column. 
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THE MIDDLEBROOK-DUBOS HEMAGGLUTINATION TEST 
AND STUDIES ON THIS REACTION 


Principle of the Test. —- When polysaccharides fractionated 
from bacteria are precipitated from the solution to the surface of 
red cells, these cells agglutinate when added to the corresponding 
immune serum. This reaction is therefore more properly a precipita- 
tion reaction, in which the sensitised red cells are the precipitate 
that indicates the intensity of reaction. 

Technique. — The serum to be tested is diluted with physiolog- 
ical saline solution 1: 1 and inactivated in the water bath at +-56° C 
for 1% hr. The treated serum is absorbed into sheep red cells by 
adding 0.2 ccm of sheep cells to 2 ccm of serum dilution. The sus- 
pension is allowed to stand for 20 min. at room temperature and the 
tube is shaken from time to time. The cells are centrifuged to the 
bottom and the serum is re-treated once more in the same manner. 
Before sensitisation the red cells are washed three times with a 6- 
fold volume of physiological saline solution and centrifuged at 2000 
r.p.m. for 20 min. between washings. The washed cells are stored 
at +4° C. However, even at this temperature they will be servic- 
eable for only 3 days. For sensitisation, 0.5 cem of washed sheep 
red cells are suspended in 10 ccm of extract of tubercle bacilli, 
prepared as will be described later. The suspension is placed in the 
water bath at +37° C for 2 hrs. and is shaken trequently. The cells 
are then centrifuged and the fluid is discarded. The cells are 
washed three times and finally suspended in 100 ccm of physiologi- 
cal saline solution. This will yield a 0.5 per cent suspension of sen- 
sitised red cells for use in the test. 

Preparation of the Antigen. —- For sensitisation of the red cells 
Middlebrook and Dubos prepared an antigen from strain H,, Rv, 
which had been grown on fluid medium for 14 days. The bacillary 
mass was collected by filtration, washed in distilled water and then 
with acetone, and 4 gm of this mass was added to 100 ccm of 88 per 
cent phenol and mixed. After 20 hrs., during which the suspension 
was shaken several times, the supernatant brownish fluid was 
discarded. This procedure was repeated and the precipitate was 
washed in 90 ccm of 0° C acetone to remove the phenol. Of this 
bacillary mass 0.5 gm was added to 65 ccm of phosphate-buffered 
saline and methanol, shaken during 20 hrs. and then centrifuged. 
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The fluid was dialysed against distilled water for 2—3 days, con- 
centrated by evaporation to 20 ccm, any turbidity that had devel- 
oped was removed by centrifugation, the pH was adjusted with 
NaOH to 6.5—-7.0, and the solution was rendered isotonic with a 
saturated solution of NaCl. Sensitisation of 0.5 ccm of sheep red 
cells was carried out with 10 cm of this antigen solution. 

Middlebrook and Dubos (132) observed that Gilliland Old 
Tuberculin (Wyeth) could also be utilised for the sensitisation of red 
cells. This observation was followed by numerous experiments on 
the use of tuberculin tor this purpose. Lederle 4 times concentrated 
tuberculin in dilutions 1:12—1:15 has gained the widest use, 
having been employed by, e.g. Scott and Smith (142), Rothbard 
et al. (138), Hall and Manion (113), Kirby ef al. (120), Maillard and 
Gagliardo (128), Thalhimer and Rowe (149), Bunn et al. (94), Col- 
well and Pitner (97), Gerstl et al. (109), Haahti and Raitio (112), 
Hentel and Guilbert (115), Madsen and Oeding (127) and Mollov 
and Kott (135). 

Other tuberculins used for this purpose are the following: 

Koch’s Old Tuberculin, in 1 per cent concentration: Gernez- 
Rieux and Tacquet (106); diluted 1: 80 and deglycerinated: Avezzt 
(89) 

Tuberculin G. T. Hoechst, in dilution 1:15: Brodhage (93), 
Hein and Sroka (114), 

Sauton Tuberculin »Berna» from the human and the bovine 
strain, deglycerinated with alcohol, 1 ccm (300,000 units) used for 
sensitisation of 0.15 ccm sheep cells: Brodhage (93), Weidmann 
(155), 

Old Tuberculin Burroughs Wellcome, in dilution 1:5: Hilson 
and Elek (116), Sherris (143), 

Danish Old Tuberculin, in 1.7 concentration, diluted 1: 25: 
Koulumies and Haahti (122), 

Norwegian Veterinary Institute’s tuberculin, deglycerinated 
with alcohol: Madsen (126), 

Dialysed Evans Tuberculin: Sherris (143), 

Denken Tuberkulin, in dilution 1: 10: Yaoi et al. (161), 

Purified protein derivatives of tuberculin, in concentrations of 
0.2—2.5 mg/ccm, such as PPD Parke Davis: Hilson and Elek (116); 
PPD Copenhagen: Brodhage (93), Popp (136); PPD Weybridge: 
Boyden (92), Sherris (143). 
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Pasteur Institute’s precipitated tuberculin, in dilution 1: 100: 
Gernez-Rieux and Tacquet (105), Sohier ef al. (146). 

The Pasteur Institute later prepared a special tuberculin for 
serological tests, called I.P. 48. There are available a protein-rich 
preparation I.P. 48 Pt. containing 8.5—9.5 per cent of nitrogen, 
and a polysaccharide-rich I.P. 48 St., containing only 0.42 per cent 
of nitrogen and polysaccharide in the amount of 0.14 mg/ccm. This 
tuberculin has been used as antigen by Gernez-Rieux and Tacquet 
(107), Sohier e¢ al. (147), Hein and Sroka (114), Lucentini and Bois- 
vert (125) and Ulstrup (154). 

Gernez-Rieux and Tacquet (108) carried out experiments with 
two rabbit sera, one of which was immunised with BCG strain, to 
determine the amount of various tuberculins required to sensitise 
0.1 ccm of sheep cells to obtain a hemagglutination titre of 1: 16 for 
immunised rabbit serum. They found that the following amounts 
should be utilised: 


ES x eA ue Kuo KUAS SRE EO ROS 400 units 
Is sahil 9.5y oa. aed ae i'w Sik whe wines 400 » 
ee SI a oe kk he Sees ewe wes 2,000 =» 
Tebercaiin G. T. Hoechst... ......6.....%. 20,000 » 
Sauton Tuberculin »Berna» from human strain — 1,600 » 

» » » » bovine » 20,000 » 
POOP WUE nce dadecebiaweasins es 0.5 mg 
Lederle Tuberculin, 4 x concentrated, 1: 12 1 ccm 


It is to be noted that the Hoechst tuberculin also produced 
agglutination in normal rabbit serum. Seibert’s purified PPD gave 
no agglutination. 


HEMAGGLUTINATION INHIBITION TEST 


Middlebrook and Dubos (132) developed a method based on the 
inhibition of hemagglutination of red cells. They selected a serum 
with a high titre and diluted it to slightly below the maximum 
agglutination titre. The antigen to be examined was added to the 
serum in a decreasing series of dilutions. The tubes were placed 
in the water bath at +-37° C for 45 min. and a 0.5 per cent suspen- 
sion of sensitised cells was added to each test tube. The usual 
procedure for the hemagglutination test was then followed. In this 
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manner it was possible to determine the limit of inhibition of hem- 
agglutination by the antigen. In producing immune sera Fenner 
and Leach (98) employed for immunisation pathogenic and apatho- 
genic strains of Mycobacterium and then absorbed the sera with cor- 
responding and other strains. In cross tests the human and bovine 
strains removed the antibodies completely. In the same test it was 
observed that Mycobacterium ulcerans is more closely related to the 
species of Mycobacterium that cause mammalian tuberculosis than 
to apathogenic species. Gaby ef al. (101, 102) prepared tuberculins 
from various strains of Mycobacterium and used them for the absorp- 
tion of immune sera. It was observed that all the antibodies in the 
serum were not always removed and that some antibody remained 
whieh corresponded to the tuberculin from another strain. In 
general, tuberculins prepared from pathogenic strains were better 
able to remove antibody than those from apathogenic strains. 
Gaby ef al. isolated strain No. 350, whose tuberculin removed the 
hemagglutinins from the sera of non-tuberculous subjects and from 
the sera of three-fourths of the persons inoculated with BCG 
vaccine, but not from the sera of tuberculotics. They considered it 
possible to compare the potency of various tuberculins by means 
of their agglutinin-removing capacity, whereas Boulanger and 
Konst (91) regarded this method less reliable than the skin test. 
Madsen (126) demonstrated that already a very small amount of 
the red cell sensitising factor was capable of inhibiting hemaggluti- 
nation in the serum of tuberculous patients. He also demonstrated 
that when tuberculin was absorbed by a large amount of red cells 
the sensitising factor was removed but the inhibitory factor re- 
mained. 


OTHER STUDIES ON THE HEMAGGLUTINATION 
REACTION 


Ghione (110) used tuberculin fractions of different kinds in 
examining the sera of 40 persons affected with tuberculosis. The 
best was the tuberculin extracted with phenol and insoluble in 
acetone. Hilson and Elek (116) prepared a special polysaccharide 
fraction which they called C.C.F. and with which they obtained 
better results than with Old Tuberculin Burroughs Wellcome. 
Iland (119), in studying different polysaccharide fractions previously 
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isolated from the tubercle bacillus, obtained positive results in pre- 
cipitation tests with horse, rabbit and guinea pig immune sera, 
whereas the sera of tuberculous patients gave negative results. 
The hemagglutination and hemolysis reactions also were negative. 
He concluded that the human serum does not contain antibody 
corresponding to completely protein-free polysaccharide. Middle- 
brook (134) prepared from the tubercle bacillus a fraction containing 
only about 1 per cent of nitrogen and 90—98 per cent of poly- 
saccharide. Only about 40 per cent of the polysaccharide was 
adsorbed into the red cells, the remaining portion not being ad- 
sorbed even into red cells treated with tannin. Pound (137) analysed 
the protein-polysaccharide fraction from the tubercle bacillus mass 
using 50, 61, 75, 87 and 92 per cent ethanol precipitation. He deter- 
mined the amount of proteins, hexoses and pentoses in each fraction 
by the biuret, Molisch and Bial reactions. The fractions which were 
precipitated in 50, 61 and 87 per cent ethanol were protein-free. 
Fraction 3 (75 per cent) gave the best results in the hemagglutina- 
tion test, whereas fractions 2 and 4 were better suited for the hemol- 
ysis test. The fraction obtained with 92 per cent ethanol contained a 
factor which caused non-specific agglutination up to titre 1: 32. 

Colwell and Pitner (97) sensitised colloidal silver with tuberculin 
and compared the reaction with red cell agglutination. The titre 
in most cases was lower and the specificity was not improved. Gerstl 
et al. (109) made an effort to improve the sensitivity of the hem- 
agglutination reaction by adding 5 per cent bovine albumin and 
glycine to buffered saline and by treating the red cells with Fors- 
man’s antibody and polyvinylpyrrolidine. After these procedures 
the titre was raised to two-fold at the most. Grabar ef al. (111) pre- 
ceded the sensitisation procedure by tannic acid treatment. In their 
opinion this treatment would absorb from the antigen into the red 
cells certain substances which react with the protein antibody in 
the blood; however, if normal cells are used, these substances react 
with the polysaccharide antibody in the blood. For this reason, 
when cells sensitised with polysaccharide are used the reaction may 
sometimes be negative in tuberculous patients, but if the same 
serum is tested with red cells pretreated with tannic acid and then 
sensitised with an antigen containing tuberculin protein a positive 
reaction and a very high titre may be obtained. Hein and Sroka 
(114), again, considered treatment with trypsin superior to tannin 
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treatment. Meynell (131) carried out the hemagglutination reaction 
by Coombs’s direct test technique. For the sensitisation of human 
0 Rh— cells he used as antigen 0.2 mg of PPD per ccm. One drop each 
of serum, of 2 per cent sensitised cells and of anti-human globulin 
were pipetted on a slide and the time when agglutination became 
visible to the naked eye was determined. Only 4 sera in a series of 
20 tuberculotic bloods had a higher titre than that obtained by 
the usual hemagglutination technique. Thalhimer and Rowe (149) 
used a 15 per cent suspension of red cells in the slide method. In their 
opinion better results were obtained in this case than when the 
usual hemagglutination method is used. Yaoi et al. (161) utilised 
a 10—15 per cent suspension of sensitised cells and a serum dilution 
of 1: 2. etc. The number of positive reactions was the same as in the 
hemagglutination test but the number of doubtful reactions was 
greater. The same method was utilised by Witmer (156) in studying 
tuberculosis of the eye, but for serum he substituted active aqueous 
humour from the anterior chamber, using it in dilutions 1: 10, 1: 20, 
1: 30, and so on. 


THE MIDDLEBROOK HEMOLYSIS TEST 


Principle of the Test. — The cells are sensitised in the same 
manner as described for the hemagglutination test. Addition of 
complement will cause hemolysis of the sensitised red cells in the 
serum of tuberculous subjects but not in that of healthy individuals. 
The test involves titration of the hemolysing capacity of the serum, 
whereas the amounts of complement and antigen remain constant. 

Technique. — In this test, also, Middlebrook (133) employed a 
0.5 per cent suspension of sensitised sheep red cells. Sensitisation 
was carried out as in the hemagglutination test. The complement 
was absorbed with sheep red cells by adding 1 ccm of sheep cells 
to 5 ccm of guinea pig serum. The suspension was kept at +4° C 
for 10 min., after which the cells were centrifuged. The complement 
will retain its activity for 3—4 days only. Since the sensitised cells 
are exceptionally fragile, an excess of complement may per se 
produce hemolysis; for this reason the complement should be accu- 
rately titrated. After determination of the unit amount of comple- 
ment Middlebrook used in the test an amount three times this unit. 
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Before the final titre reading Middlebrook kept the test tube series 
at a temperature of +37° C for 1 hr., shaking the tubes at intervals 
of 15 min. 


HEMOLYSIS INHIBITION TEST 


The technique in this test is in principle the same as in the 
hemagglutination inhibition test. 

Gernez-Rieux and Tacquet (108) used this method for parallel 
tests of I.P. 48, its polysaccharide fraction, precipitated Pasteur 
Institute tuberculin, 4 times concentrated Lederle tuberculin, 
Besredka and Boquet-Négre antigens, extract of Mycob. phlei, 
extract of strain Hj, Ra,BCG culture, and purified protein fraction 
of I.P. 48. Hemolysis was not inhibited by the Besredka and 
Boquet-Négre antigens, bacillar extract of Mycob. phlei or purified 
protein fraction of I.P. 48. On the basis of this experiment they 
concluded that the sensitising substance in the hemolysis reaction 
is some kind of a polysaccharide. 


ANIMAL EXPERIMENTS AND BCG VACCINATION 


It was found by Gernez-Rieux and Tacquet (104) that normally 
the titre for the hemagglutination and hemolysis reactions in 
rabbit and guinea pig sera is 1: 2—1: 4. The killed bacilli and intra- 
dermal BCG vaccination caused a rise in the titre to 1: 64 within 
15—30 days. The titre remained unchanged for about 200 days, 
after which a gradual decline commenced. After intravenous injec- 
tion of live tubercle bacilli into animals the rise in the titre was 
considerably greater (96). Bunn et al. (94) observed that the titre was 
definitely increased in animals by infection with tuberculosis but 
only slightly by the intradermal tuberculin test. Brodhage (93) 
demonstrated that the hemagglutination titre in rabbits, even 
healthy ones, was 1: 160 when tuberculin prepared from human 
strains was employed to sensitise the red cells, but with bovine 
tuberculin it was low or entirely negative. This, in his opinion, 
accounted for the greater resistance of rabbits to infection by the 
human strain. Tsuchiya (151) injected guinea pigs with heat-killed 
tubercle bacilli. The tuberculin test became positive more slowly 
than the hemagglutination test in these animals. However, he 
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TABLE 


HEMAGGLUTINATION TEST RESULTS 





Tuberculosis 








Lowest 
Author and Year Positive z ‘ a 
litre Total + pal 
1950 | 
UCU OU 2c FR eee sSiss | 468 155 | 13 
Smith and Scott ................5- S1:2 | 104 | 83 | 21 
MCGEE Soca kien ew cascaded S 1: 16 86 | 46 40 
Gernez-Rieux and Tacquet ........ S1: 16 504 | 402 102 
NOMEPLT RY nbs okies eae sews ois 2s aes S43 92 30 | 20 10 
1951 | 
UR NM se Sons ooo cis ee ies eels [1:8 66 | 36 | 30 
Anderson BIA AAUON: ies oie Ss eu iseis S1: 4 52 = 24 
Awezzi and Morsica <..........2... = 1: 16 34 | 31 3 
DOS TA 2S ee eee eee =1:10 104 | 97 | | 
PRE RENEDIN 60 b a cicis Soe s dab eae ey ee 151 85 66 | 
IN itioecsxcunwie enews $1:8 63 33 30 | 
NO RIIERE? Chale er Ne ics ic voy a ej wise ww We =1:5 96 | 74 i2 
Thalhimer and Rowe .............- S 1: 16 75 | 43 | 32 | 
reer rere S1:10 155 | 144 | 11 | 
Young and Leonard .............. S1: 16 136°; 78 | 58 
1952 
Gernex-Rieux and Tacquet ........ >1: 16 660 | 397 | 263 
Haahti and Raitio ...............-. scowl == a 
Hentel and Guilbert .............. >1: 16 j 345 | 81 | 264 
Koulumies and Haahti ............ =1:8 149 107 | 42 | 
Lolo ek Oy a a ee =s1:'s 93 62 | st | 
Lucentini and Boisvert ............ >1: 16 69 | 52 | 17 | 
Madsen and Oeding .............. 1:16 119 | 75 . 44 | 
ere 1:8 100 | 69 | 31 | 
SOE Ree ar ONS She ersiek bale aos 31:8 275 «=| 233 | 42 | 
a Se er re 31:8 a | BB 6 | 
INNS cknksasewsaveweaves $1: 32 | 331 70 | «261 | 
ili bin swe pcicdiow's 51:8 222 | 180 | 42 | 
OSL SE 7) gM IRIS iol aa Se 51:10 45 26 | 19 | 
| | 
1953 | | 
| 
ST Ue 5) i 31:8 172 114 56 | 
MINERS ows Coa waile a swine abe e oes J1: 8 49 32 i Ae 
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OBTAINED BY VARIOUS AUTHORS 





Non-Tuberculous 


Healthy Subjects 





Diseases 
Remarks 
Total — Total + oo 
106 0 106 110 0 110 
‘ Pe () wae 36* 35* = *Tuberculin- 
43 10 33 \ 28 2 26 negative 
102 18 84 19 0 19 cases 
70 3 67 244 17 227 
15 0 15 140 19 121 
f 201* 27* 174* 
= ” 7 Vu 55 17 38 
f 107* 42* 65* Children 
. ~ - \ 184 12 172 
. ox —_ = = =— Bone and 
urogenital 
3 3 0 = — — tb 
{ 61* 13* 48* 
~ ~ - \ 67 7 60 
— = 251 24 227 
== — — 40 4 36 
—- — a 31 6 25 
149 25 124 157 | 14 143 
— =a 411 52 359 
440 4 386 259 24 235 
a -— —- 105 6 99 Umbilical 
as — -—- 130 i 123 cord bloods 
196 41 155 198 70 128 
14 ee 12 119 18 101 
16 2 14 12 2 10 
f 100* 15* 85* 
7 _ \ 240 41 199 
_ — —— 88 26 62 
154 11 143 62 1 61 
— — - 31 13 18 
50 2 48 297 21 276 
9 2 ‘a 1405 343 1062 
59 A 55 ~-- — — Urogenital 
and skin tb 
7 * 7 * Qk 
257 64 193 { = “a = 
5 0 5 80 11 69 
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observed no correlation between the intensity of the tuberculin test 
and the hemagglutination and hemolysis titres. 

Gernez-Rieux and Tacquet (104) in experiments with 45 BCG- 
vaccinated persons found a hemagglutination titre of over 1: 16 
in 33 persons 1 month after vaccination. A follow-up examination 
was possible in 16 cases only, and only 4 had a positive titre 2 
months after vaccination. Similarly, Weidmann (155) observed 
that BCG vaccination .increases the titre for a short time only. 
Ulstrup (153) found an increased titre in 3 BCG-vaccinated indi- 
viduals but only one of them developed tuberculin positivity. 


SUMMARY OF RESULTS OF HEMAGGLUTINATION AND 
HEMOLYSIS TESTS 


The results obtained by the various investigators in hemaggluti- 
nation and hemolysis tests are compiled in tables 2 and 3. I have 
not added these results together in view of the variabilities in the 
antigens, positive titre limits and study material used by the differ- 
ent workers. Some series included a large number of inactive cases, 
whereas others consisted solely of active cases of pulmonary tuber- 
culosis, which gave a greater number of positive reactions. 


SUMMARY OF THE LITERATURE 


The antigens used in the Meinicke test are in a way standard- 
ised by being prepared in one laboratory only. Similarly, Meinicke 
developed his test technique to a final form which has been hardly 
modified by any other worker. However, the positivity of the results 
seems to vary greatly with different investigators. This is apparently 
due, on the one hand, to variations in the series studied and, on the 
other hand, to the difficulty of evaluating positive reactions. 
However, the opinion appears to be generally accepted that chronic 
cases of pulmonary tuberculosis with a tendency to cicatrisation 
most frequently give a positive reaction, whereas acute forms, 
small apical processes and miliary tuberculosis give mostly a nega- 
tive reaction. 

In childhood tuberculosis, positive reactions are considerably 
fewer. Although the results obtained by different investigators vary 
greatly it seems even by the most optimistic estimation that only at 
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the most 50 per cent of cases of chilhood tuberculosis give a positive 
reaction in the Meinicke test. In surgical tuberculosis the incidence 
of positive reactions appears to be of the same magnitude, whereas 
in tuberculosis of the skin it seems to be the same as in non-tuber- 
culous diseases. 

Unfortunately the Meinicke test frequently gives a positive 
reaction in non-tuberculous diseases, as in syphilis and leprosy, in 
which the positive incidence is as high as in tuberculosis. According 
to reports in the literature, a non-specific positive reaction is ob- 
tained in acute infectious diseases, rheumatoid arthritis, malaria 
and pregnancy. Positive reactions are also produced by bacterial 
endocarditis, cirrhosis of the liver, kidney diseases and asthma. 
Using for comparison the final figures in summary (table 1), the 
Meinicke test may be regarded as quite satisfactory, for according 
to these data the reaction was positive in 74.6 per cent of cases of 
pulmonary tuberculosis in the active stage, in 18.7 per cent of cases 
of inactive pulmonary tuberculosis, in 55.4 per cent of cases of 
extrapulmonary tuberculosis, in 5.7 per cent of other diseases, and 
in 3.2 per cent of healthy individuals. The low incidence in the cate- 
gory of other diseases was to a great part due to the fact that Bohne’s 
series of 11,934 cases included 8,226 cases which were collected 
chiefly from medical hospitals and therefore gave a lower incidence 
of positive reactions than normally is the case. 

The experiments reported in the literature on the hemagglutina- 
tion and hemolysis reactions have been centred around the following 
points: 


a) development of the test technique, 
b) study and purification of the antigens, 
c) study of the clinical value of the tests. 


Attempts have been made to improve the specificity of the 
reactions by substituting colloid particles for red cells in the sensiti- 
sation process. However, no improvement has been seen in the 
results. A more sensitive reaction has been sought by the addition 
of glycine, albumin and globulin, but also with meagre results. 
Improvement of the antigen has been attempted by preparing from 
the tubercle bacilli or tuberculins some fractions with a higher pro- 
tein or polysaccharide content, but without noteworthy success. 
Completely purified protein and polysaccharide preparations have 














31 


proved inactive when used as antigens. So-called purified protein 
tuberculins have been active, it is true, but they have been found 
to contain 2—5 per cent of polysaccharides. It still remains to be 
explained whether the active substance in the reaction is a protein 
or a polysaccharide. The series studied have generally been too 
small to give conclusive evidence of the clinical usefulness of the 
hemagglutination and hemolysis tests. Furthermore, the reports 
in the literature are not comparable because of the marked varia- 
tions in the antigens and titre limits. However, Gernez-Rieux and 
Tacquet (108), after experiments with the hemagglutination test, 
using 2,489 sera, and with the hemolysis test, using 845 sera, con- 
sidered these tests very satisfactory. 
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THE PROBLEMS 


As is seen from tables 2 and 3 above, the results obtained in the 
hemagglutination and hemolysis tests by various investigators 
vary greatly. Rothbard et al. (138), using the hemagglutination test, 
found a positive result in 92.2 per cent of tuberculous patients, 
whereas the control series did not give a single positive reaction. 
In the series of Schwartz et al. (141), tuberculous subjects gave in the 
same test positive reactions in 21.1 per cent only and healthy 
subjects in 7.1 per cent. These two series of results show extreme 
values, and the incidence of positive reactions in the hemagglutin- 
ation test appears to range between 50 and 70 per cent in tuber- 
culosis and between 10 and 30 per cent in the control series. Relativ- 
ely few studies have been made of the hemolytic modification. 
However, the results appear to be close to those obtained with 
the hemagglutination test. The Meinicke test is generally regarded 
in the literature as one of the best serological tests for tuberculosis 
and for this reason I have selected it for the comparative test in this 
investigation on the value of the hemagglutination and hemolysis 
tests. 

It was the aim of my investigation to study the following 
aspects of this subject: 

1) Which of the above mentioned three serological tests for 

tuberculosis will give the best results? 

2) Can a correlation be found between positive reactions and 
the clinical picture of the disease? 

3) Can the value of the hemagglutination and hemolysis tests 
in the diagnosis of an active tuberculous process be increased 
by absorption techniques? 

4) If two or all of the serological tests employed by me are 
positive, is this an indication of an active tuberculosis infec- 
tion, and which combination of two of these three serological 
tests is the most serviceable in this respect? 





























AUTHOR’S INVESTIGATIONS 


MATERIAL 


The adult cases of tuberculosis were collected from the Municipal 
Tuberculosis Sanatorium, Helsinki, with the exception of a few 
cases which were from Aurora Hospital, Helsinki. In the childhood 
tuberculosis series, over one-half of the cases were from the Salpaus- 
selké Sanatorium, Nastola, and the remaining cases from the Child- 
ren’s Clinic of the Helsinki Public Hospital and from the Muurola 
Sanatorium, Muurola. Other than tuberculous cases were collected 
partly from Aurora Hospital and partly from the Third Medical 
Clinic at the Kivelé Hospital, Helsinki. The sera of syphilitic pa- 
tients were obtained from Wassermann samples taken in the Kum- 
pula Hospital, Helsinki, and the samples of serum from pregnant 
women were received from the Maternity Clinic of the Midwifery 
School, Helsinki. The serum samples from healthy persons were 
collected among the personnel of the National Pension Institute 
and from healthy children under institutional care. The number of 
examined cases and their distribution according to disease is shown 


in table 4. 
TABLE 4 


SERIES OF CASES STUDIED BY THE MEINICKE, HEMAGGLUTINATION AND HEMOL- 
YSIS TESTS FOR TUBERCULOSIS 
No. of Cases 


Tuberculosis series: 








Adults with pulmonary tuberculosis ...............+65 520 
» » extrapulmonary tuberculosis .............. 61 
» ® ANACHVE TUDCECUIOSIS® . oo cies ce dereniccens 107 
Children with tuberculosis ...........ccsccccccsccsevcces 137 
Total 825 

Control series: 
Adults with non-tuberculous diseases .................. 302 
PPACIOIUS: WEED SYPHAS) oon ais nic ses ee wise aleieisin ci aicieie ove 33 
ROCCE WOIMEIG oases QE ose ON a aseN ad Tee eGeAs 45 
EG CUNCLN Ver RERREE US 5 50,00 625(0) oes bya e BOGL Ala! 9lld ENS wala laceaealienstSoimyasiene's 271 
Children, healthy or with non-tuberculous diseases...... 172 
Total 823 
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TECHNIQUE OF THE SEROLOGICAL TESTS FOR 
TUBERCULOSIS 


MEINICKE TEST 


Since the purpose of this investigation Was to study the dia- 
gnostic value of serological tests for tuberculosis, I utilised in the 
Meinicke test the saline solution series only, as the so-called soda 
series is designed chiefly for the continuous observation of the course 
of the disease. The antigens were obtained direct from Meinicke- 


Extrakte, Hamburg 21. 


The Meinicke test was carried out as follows. Kahn test tubes 12—14 
mm diameter, with a perfectly smooth bottom, were used. There were four 
antigen solutions, t.e., water-soluble strong and weak antigens, alcohol- 
soluble tuberculosis antigen, and alcohol-soluble control antigen. The anti- 
gens were diluted with a 10 per cent saline solution, which before making of 
the test series was diluted with distilled water to 3.5 per cent. The sera 
were not inactivated after centrifugation. Into each of three test tubes there 
was pipetted 0.2 ccm of serum. At least 20 sera were tested at the same 
time, since this was technically easier and effected a saving of antigens. For 
preparation of the antigen dilutions, the antigens were pipetted into three 
tubes in the first row on the rack, placing 1 ccm of alcohol-soluble antigen 
into the first two tubes and 1 ccm of control antigen into the third tube. 
In the back row, 0.5 ccm of strong water-soluble antigen was placed in the 
first tube and 0.5 ccm of weak water-soluble antigen in the second tube. 
Then 9.5 ccm of 3.5 per cent saline solution was placed in the first two tubes 
in the back row and 10 ccm in the third tube. The contents of the first and 
second tubes in the back row were mixed thoroughly after addition of the 
saline solution. The tubes were placed in the water bath at +56° C for 5 
min., after which the contents of the corresponding tubes in the front and 
back rows were mixed together well by pouring back and forth several 
times. The antigens were then placed-once more in the same water bath for 
2 min. While the antigen was still warm, 0.5 ccm of antigen was pipetted as 
quickly as possible from the first test tube into the tubes of sera in the 
first row, from the second tube into the tubes in the middle row, and from 
the third tube into the back row of tubes. After all the tubes had -been 
shaken vigorously they were placed at room temperature for 24 hrs., read, 
shaken once more, and placed in the water bath at +37° C for 24 hours. 
For reading it is well to keep the tubes at an angle of about 45° for 10—15 
min., as the degree of flow of the precipitate is a means of evaluating the 
intensity of the reaction. In a positive reaction the supernatant fluid is 
clear and the precipitate which has formed on the bottom is coarse-grained 
and does not run along the bottom when the tube is in an inclined position. 
In a moderately strong positive reaction the precipitate is less granular 
and extends over the entire bottom of the tube and usually does not run. A 
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weak positive reaction is indicated by some amount of precipitate around 
a blue knob which has formed on the bottom of the tube and which has 
run while the tube was inclined. In a doubtful reaction there are only a few 
grains around the blue knob, and in a negative reaction only this blue 
knob is seen in the centre of the tube bottom. 

After carrying out Meinicke tests for some time I observed that 
the first reading was hardly usable for evaluation of the reaction, as 
it seemed positive in nearly all the tubes. On the other hand, the 
difference between a positive and a negative reaction was clearly 
visible in the second reading and the reaction could be judged more 
easily. On the whole, the reactions which in the first reading were 
strongly positive did not become weaker in the water bath, but the 
weak and doubtful reactions, which are very hard to estimate, 
frequently became more definitely positive or entirely negative. I 
interpreted as negative all the reactions in which either the first or 
the second reading showed a weak positive reaction in one of the 
tubes only, or a doubtful reaction in both tubes containing tuber- 
culous antigen, since the reaction otherwise apparently would be 
too sensitive in comparison to the control cases. 

In the few cases in which a positive reaction had developed also 
in the control tube I did not carry out the saturation test, as earlier 
experience had proved that the latter is rather unreliable. 


PREPARATION AND TITRATION OF THE ANTIGEN FOR THE MIDDLE- 
BROOK-DUBOS HEMAGGLUTINATION TEST AND THE MIDDLEBROOK 
HEMOLYSIS TEST 


The antigen was prepared from tubercle bacillus strain H,, Rv 
grown on Sauton culture medium. The Sauton medium was pre- 
pared as follows: KH,PO, 0.5 gm, MgSO, 0.5 gm, Fe-ammon. citr. 
0.05 gm, citric acid 2.0 gm, asparagine 4.0 gm, glycerin 60.0 gm, and 
distilled water 940 ccm.; pH 7.2. This medium, which is composed 
almost entirely of inorganic and organic salts, was chosen in order 
to eliminate the non-specific action of proteins possibly present in 
the culture medium. The strain was grown on the culture medium 
for 6 weeks. The surface was then covered by a thick, wrinkled 
membrane and the underlying fluid was brownish. To prepare the 
antigen the bacillary mass was removed by filtration through ordi- 
nary filter paper, after which the fluid was passed once more 
through a Seitz bacterial filter. The liquid was concentrated by 


ee ee 


wor ewett -Fesueevee 


ALTA WE tetat_t ¥ 








36 


lyophilisation to about 20-fold, i.e., 5 litres of culture medium were 
reduced to about 250 ccm of dark brown liquid of the consistency 
of syrup. To remove the glycerin and the salts the liquid was 
dialysed for 3 days, first against tap water and then against distilled 
water. The small amount of sediment that may have tormed during 
dialysation was removed by filtration. The dialysate was then 
lyophilised, leaving a yellowish powder. The yield from 5 litres of 
culture medium was about 5—6 gm of powder for use as antigen. 
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Fig. 1. — Micro-electrophoretic pattern of the antigen, using the Antweiler 

apparatus. Veronal buffer, pH 8.6, ionic strength 0.12, length of run 15 min., 

current 55 V., 1.7 mA. Antigen dialysed against the buffer for 2 hrs. before 
electrophoresis. 


About 40 per cent of the ie weight of the powder was protein, 
determined by the biuret test, and about 50—60 per cent were 
hexoses which gave the orcinol reaction. According to microelectro- 
phoresis, the antigen appears to have 5 or 6 components. The curve 
in Fig. 1 shows the relative magnitude of these components. The 
largest component, the fifth, migrated slowly. 

The strength of the antigen was determined by sensitisation of 
sheep red cells with varying amounts of antigen and by parallel 
titrations by the hemagglutination and the hemolysis methods of 
three sera from tuberculous patients and the serum of one healthy 
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subject. For sensitisation I used 5, 10, 15, 20, 25 and 30 mg of anti- 
gen for each 0.1 ccm of sheep red cells. 

Table 5 shows the results obtained in the hemagglutination and 
hemolysis tests when variable amounts of antigen were used for 


TABLE 5 


RESULTS OF HEMAGGLUTINATION AND HEMOLYSIS TESTS USING SHEEP RED CELLS 
SENSITISED WITH VARIABLE AMOUNTS OF ANTIGEN 











| | Hemagglutination Titres Hemolysis Titres 

' Amount of = a | 
Antigen per Serum No. _ Serum No. | 
0.1 cem of Sheep | “ ; | 
Red Cells 1 2 > |Seee 4 Oe Be 
Contr. | Contr. | 

5 mg #2 | G32) 1232 0 1:4 | 1:2 1:32; 90 

10 mg 1:8 1:64) 1:64 O | 1:8 | 1:32) 1:32| 0 

15 mg 1:8 | 1:64 | 1:32 0 1:8 | 1:32 | 2:38 0 

20 mg 18> | UGS) tes2 0 1:8 | 1:32 | 1:32 0 
25 mg 8) | 1264) 1:32 0 128 | 1732)| 1:32 0 | 
30 mg 8 | 1964 |) 1232 0 1:8 1:16] 1:32 Or | 





sensitisation of the sheep red cells. On the basis of these results, 
10 mg of antigen per 0.1 ccm of sheep cells was selected as the opti- 
mum amount. Obviously, larger amounts may also be used, but in 
the hemolysis test in particular the use of very large amounts of 
antigen are not advisable since they cause hemolysis of the sheep 
cells during the sensitisation procedure. 

Since several kinds of tuberculins and purified tuberculin pro- 
teins and polysaccharides have been used in the past as antigens 
in the hemagglutination and hemolysis tests it was considered 
necessary to compare some of these antigens and the one prepared 
by me. In table 6 will be seen the titres obtained after sensitisation 
of sheep red cells with 4 times concentrated Lederle tuberculin, 
»Berna» tuberculin from a human strain, and Danish purified pro- 
tein derivative PPD Copenhagen. 

Lederle tuberculin in dilution 1:15 gave definitely weaker hem- 
agglutination and hemolysis reactions. My own antigen gave an 
approximately equally strong reaction in the hemagglutination test 
as Sauton tuberculin »Berna» but a definitely stronger reaction in 
the hemolysis test. Gernez-Rieux and Tacquet (108) have demon- 
strated that different batches of I.P. 48 give slightly diverging titres 
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TABLE 6 


RESULTS OF COMPARATIVE TITRATIONS WITH OWN ANTIGEN AND SOME COMMONLY 
USED TUBERCULINS 








| Hemagglutination Titres Hemolysis: Titres 
Antigen Serum No. Serum No. 

; Pos. Neg. Pos. | Neg. | 
| 1 2 3 Contr. Contr. . 2 | Contr. Contr. 
| | 
Lederle 9292 2... /822 142: 36)1232) 1:8 O |1:21:321:32 1:16 0 
‘Lederle 1:15 ....1:2 1:161:16 1:4 0 0 1:161:16 1:16 | 0 
'Sauton Tuberculin | 


\»Berna» Seeeeute 1:16 1:641:64 1:8 0 0 1:16 1:32) 1:32 |; O 
PPD Copenhagen | 
1 mg/0.1 ccm 
isheep red cells .o {1:2 11: 16)1;32' 1:8 | 0 0 1:161:16 1:16 
(My antigen 

110 mg/0.1 ccm 


sheep red cells .. 1:16 1:641:64 1:8 O 41:81:32 1:64 1:32 0 
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for the same sera. They also reached the conclusion that I.P. 48 is 
more suitable for the hemolysis test, whereas the polysaccharide 
fraction of I.P. 48 is better suited for the hemagglutination test. 


HEMAGGLUTINATION TEST 


It is not necessary to carry out the hemagglutination test 
immediately, as the sera will stand storage for some time without 
alteration in the hemagglutination titre. However, I performed 
the tests in most cases within one week from drawing of the blood 
samples. Gernez-Rieux and Tacquet (108) observed that the sera 
could be kept for 8 days at +4° C; and Rothbard (139) was able to 
store serum in the refrigerator for one year without change in the 
titre. Prior to the test I inactivated the serum by keeping it at 
+ 56° C for % hr. Hilson and Elek (116) did not at first inactivate 
the polysaccharide antigen used by them for red cell sensitisation 


but later they considered inactivation preferable. Bunn ef al. (94). 


carried out the inactivation at + 60° C. 


For this test I absorbed the serum once with washed sheep cells, using 
0.2 ccm of cells per 2 ccm of serum dilution 1: 2 and storing in the refrigera- 
tor overnight. On the following morning the cells were centrifuged down 
and the supernatant absorbed serum was removed with a pipet. Madsen 
(126) considered one absorption sufficient, but Sievers et al. (144) absorbed 
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the serum six times, since in their opinion this helped to reduce the number 
of non-specific reactions. I followed the latter procedure in a part of these 
cases, as will be seen later. In some rare cases in which absorption had not 
been sufficient, v.e., in which the control tube showed agglutination, the 
absorption was repeated. If O Rh—cells are used, absorption of course is 
unnecessary. 

The sheep red cells used in the test tube series and in sensitisation were 
always from the same sheep and fresh. Adcock et al. (87) obtained a more 
permanent result with human O Rh— cells but the titre was lower when 
sheep cells were used. The same conclusion was reached by Bunn et al. 
(94). The suitability of various red cells for sensitisation was investigated 
by Gernez-Rieux and Tacquet (108), who found human, sheep, chicken 
and horse cells best suited for this purpose. Another reason for the use of 
sheep cells only in my investigation was the poor suitability of human red 
cells for the hemolysis test, which I always carried out parallel to the 
hemagglutination test. 

Before sensitisation the sheep red cells were washed three times. They 
were then suspended in buffered saline solution made up as follows: 
Na,HPO,-12 H,O 0.093 gm, KH,PO, 0.17 gm, NaCl 10.0 gm, formaldehyde 
0.5 ccm, distilled water 1000 ccm; pH 6.0—6.1. The cells were used in the 
amount of 0.5 cem per 10 ccm of buffer solution and the amount of antigen 
was 10 mg per 0.1 ccm of packed sheep red cells. During sensitisation the 
red cell suspension was kept on the water-bath at +37° C for 2 hrs. and 
the tubes were shaken at intervals of 15 min. Yaoi et al. (157) recommended 
sensitisation either at +37° C for 2 hrs. or at + 20° C for 3 hrs. Madsen (126) 
observed that red cells were only partly sensitised in 24 hrs. at +4— +6°C, 
but completely sensitised in 4 hrs. at room temperature and in 1 hr. at 
+37° C. Gernez-Rieux and Tacquet (108) found that 1 hr. is usually suffi- 
cient for sensitisation but they used 2 hrs. Boyden (92) regarded that red 
cell sensitisation is clearly dependent on the acidity of the solution and 
considered pH 6.4 suitable, but he also used at the same time a phosphate- 
buffered saline solution. Gernez-Rieux and Tacquet studied the effect of 
acidities between pH 4.2—8.6 and found no effect within these limits. 


As was mentioned above, I used 10 mg of antigen per 0.1 ccm of packed 
red cells. Fischer (100) also considered a cell/antigen ratio of 1: 10—1: 20 
suitable. Sohier et al. (146) used 1: 20, Middlebrook (134) 1: 40 for Lederle 
tuberculin, and Lewin et al. (124) also 1: 40 whereas the ratio 1: 80 was 
used by Maillard and Gagliardo (128). In the hemagglutination test I used 
a 0.5 per cent suspension of sensitised sheep red cells. Boyden (92) used a 
2.5 per cent suspension but placed only 0.05 ccm in each tube. Gernez-Rieux 
and Tacquet used a 0.5 per cent suspension of sensitised cells and added 
into the test tube the same amount of sensitised cells as there was serum 
dilution. 

After sensitisation the cells were washed three times with physiological 
saline solution and a 0.5 per cent red cell suspension was then prepared. Into 
the first tube in the series 0.2 ccm of serum dilution 1: 2 was pipetted, and 
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into each of the next five tubes 0.2 ccm of saline solution. Into the second 
tube was added 0.2 ccm of the serum dilution, 0.2 ccm was transferred 
from the second to the third tube, and so on down the line, thus obtaining 
dilutions of 1:2, 1:4....1: 64. For each serum a control tube was made 
with unsensitised 0.5 per cent sheep cell suspension to check the absorption, 
as well as a saline solution and a positive and a negative serum control. 
The positive serum controls were three tuberculotic sera of known titres, 
which had been stored frozen, and the negative controls were sera which 
had been examined earlier and serum from a member of the laboratory 
staff. 


HEMOLYSIS TEST 


It was demonstrated by Lucentini and Boiswert (125) that 
human red cells give considerably lower titres than sheep cells in 
the hemolysis test. Gernez-Rieux and Tacquet (108) found sheep 
cells best in comparative tests with human, ox, sheep, chicken, 
horse, guinea pig and rabbit red cells in which they employed BCG 
immune serum and as antigen polysaccharide fraction of I.P. 48. 
Middlebrook (133), Gernez-Rieux and Tacquet (108), Lucentini 
and Boisvert (125) and Sherris (143) used 0.5 per cent sensitised 
sheep red cells in the hemolysis test, Fischer used 5 per cent, Mail- 
lard and Gagliardo (127) 2.5 per cent and Mollov and Kott (135) 
0.3 per cent. I used in this investigation a 2.5 per cent suspension 
of sheep red cells sensitised with the same amount of antigen and 
under the same sensitisation conditions and time as in the hemagglu- 
tination test. 

The complement was pooled serum drawn by heart puncture 
from several guinea pigs. The cells were removed by centrifugation 
and the serum was stored at +4° C. The complement was 3—4 days 
old at the most and a titration was carried out each time before its 
use. The titration of this complement was made according to Wads- 
worth (166), using unsensitised sheep cells, a known amboceptor in 
varying dilutions (usually 1: 750 or 1: 1000) and the complement 
diluted according to the formula. The highest dilution of complement 
that is capable of producing a 50 per cent hemolysis in the sheep 
red cell suspension was regarded as the unit of complement. In 
most cases this required 0.1 ccm of complement in dilution 1: 40. 
Middlebrook, and Gernez-Rieux and Tacquet employed in their 
hemolysis tests 3 times the unit of complement. Like Maillard and 
Gagliardo (128) I used 4 times the unit, i.e., 0.1 cem of comple- 
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ment, usually in dilution 1: 10. The dry complement recommended 
by Popp (136) has not been available to me. 

Gernez-Rieux and Tacquet determined the amount of tuber- 
culin required to produce hemolysis in a known immune serum of 
titre 1:16. The following amounts of different tuberculins are 
needed to sensitise 0.1 ccm of sheep red cells: 


pe rer 40 units 
» » », polysaccharide-rich  .... 200» 
wer SI oskinics die nce wdeseenicwe sis 4,000» 
Tebereuia G.T. Hoechst ....... 0.26 ccecees 4,000» 
» »Berna», from human strain .... 200-—so» 
» » » bovine » .... 2,000 » 
Pee SN itekenieaawianeewee andes 0.02 mg 
Tuberculin Lederle, 4 times concentrated ee 0.5 ccm 


Thus definitely smaller amounts of tuberculin are required to 
sensitise the red cells for the hemolysis reaction than for the hem- 
agglutination reaction. An excess amount of tuberculin is generally 
used for sensitisation. Gernez-Rieux and Tacquet (108) used 100— 
250 times the amount required according to titration. However, 
since the resistance of the red cells is reduced somewhat by sensiti- 
sation, a number of titrations must be made to preclude an unto- 
ward effect on the results of the reaction from this reduction of 
sensitisation. 

It is also to be taken into consideration that the amount of com- 
plement used should not to be so great as to have a hemolysing effect 
per se on the sensitised red cells. In addition to a determination of 
the strength of the complement, titration was also carried out to 
determine the dilution in which the complement has a hemolytic 
action on ordinary and sensitised sheep red cells. A further titra- 
tion was made using a given volume of amboceptor but with vari- 
able amounts of complement to determine whether hemolysis of 
both sensitised and unsensitised cells occurs in approximately the 
same complement dilution, i.e., to determine that the resistance of 
the red cells was not reduced by sensitisation. The results of these 
titrations are shown in figures 2—5. 

It will be noted from titrations 1 and 2 that when complement 
was diluted 1: 10 hardly any difference was seen in the hemolysis 
of sensitised and of unsensitised sheep red cells. Titrations 3 and 


—-s 
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| complement [] NaCl 


- Results of titration I, using 0.2 ccm of a 2.5 per cent suspension of sen- 


Fig. 2. — 
saline solution, and 


sitised sheep red cells, 0.1 ccm of amboceptor 1: 1000, 
non-absorbed complement 1: 10. 


+ + + + + + + + - - - - 
0.2 
5 6 7 8 9 10 19 22 
Fig. 3. — Results of titration II, using 0.2 ccm of a 2.5 per cent suspension of 
unsensitised sheep red cells, 0.1 ccm of amboceptor 1: 1000, saline solution, and 


non-absorbed complement 1: 10. 
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- Results of titration III, using 0.2 ccm of a 2.5 per cent suspension of 
and undiluted and non-absorbed 
























































Fig. 4. - 


sensitised sheep red cells, saline solution, 
complement. 
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Fig. 5. — Results of titration IV, using 0.2 ccm of a 2.5 per cent suspension of 
unsensitised” sheep red cells, saline solution, and undiluted non-absorbed com- 


plement. 
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4 show that undiluted complement had a hemolytic action on 
sensitised cells but not on normal sheep cells. This hemolytic 
capacity clearly disappeared, however, before the dilution was 
reached which was used in the hemolysis test itself, for the amount 
of complement used in most cases was the same as the amount of 
undiluted complement in the tenth test tube. A further titration 
using sensitised sheep red cells was made with a serum of a known 
titre and 2, 4, 6 and 8 units of complement. Usually I did not in the 
hemolysis test utilise complement absorbed with sheep cells, since 
in the titrations the complement did not have a hemolytic capacity 
against sheep cells, and as, furthermore, no difference was seen in 
the titres in parallel tests with a number of sera with absorbed and 
nonabsorbed complement. 

In the test series proper I first carried out in each case a preliminary 
test to determine whether the serum contained antibodies which would 
cause hemolysis of sensitised red cells. Since the amount of serum frequ- 
ently was inadequate for all three serological reactions I only used in 
the preliminary test 0.1 ccm of a serum dilution 1: 2, adding to it 0.2 ccm 
of a 2.5 per cent sensitised sheep red cell suspension, 0.1 ccm of comple- 
ment and 0.1 cem of physiological saline solution. The controls were the 
same serum, unsensitised sheep red cells and complement, sensitised sheep 
cells and complement without serum, and known positive and negative 
control sera. The tubes were shaken well, placed in the refrigerator for 1 hr., 
then in the water bath for % hr. at +37° C, and while in the latter shaken 
at 5 min. intervals. The preliminary test was interpreted as positive if the 
serum showed 50 per cent or greater hemolysis. Sera in which slight or no 
hemolysis occurred were considered negative and were not used in the final 
titration. Of the remaining sera the usual dilution series of 1:2, 1:4... 
1: 256 were made, and the serum dilution in which 50 per cent or higher 
hemolysis was observable was regarded as the borderline. 


RESULTS OF SEROLOGICAL TESTS 
EXPERIMENTS WITH GUINEA PIGS 


Hemagglutination and hemolysis tests were carried out with 
35 healthy guinea pigs and 35 guinea pigs infected with tubercle 
bacilli. Inoculation was made by a subcutaneous injection of 0.2 mg 
living bacilli of strain Hs, Rv. Blood was withdrawn 4—6 weeks 
after infection and the infected animals were autopsied. Miliary 
tuberculosis was found in all these animals. Table 7 shows the results 


of this experiment. 


SPREE Braves 2 2 
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TABLE 7 


RESULTS OF HEMAGGLUTINATION AND HEMOLYSIS TESTS WITH SERA OF HEALTHY 
AND TUBERCULOUS GUINEA PIGS 

















| Titres 
at eh eh ink ok | 286 ade Goenka 
| h<C4:2 1:2 1:4 1:85 1:16 1:32 1:641:1282>1:256 
| 
|Hemagglutination | 
|Healthy guinea pigs | 35 — — — | — — — 
| | 35 = 100 % 
Tuberculous guinea) A 
MEiiiatwuc.| 2 6 S 6 9 3 
| 17=48.6% 18=51.4% 
Mees fl eee 
Healthy guinea pigs 31 2 2 — — — —_- — — 
| 35= 100% 
Tuberculous guinea) st—(‘ ;é‘s;*~™ eines -,:1~, ii 
SIME is'2.wi ss alowim eine.” 1 — 5 4 10 rf 4 2 2 | 
10= 28.6 % 25=71.4% | 





All the 35 healthy guinea pigs had a hemagglutination titre 
below 1: 2. In the hemolysis test 31 animals had a titre below 1: 2, 
2 animals 1:2 and 2 animals 1:4. The result corresponds fully 
with the results obtained by Gernez-Rieux and Tacquet (104), 
referred to above. If titre values of 1: 16 and higher are regarded 
as positive in the hemagglutination and hemolysis reactions, 18 of 
the 35 tuberculous guinea pigs (51.4 per cent) gave positive hem- 
agglutination reactions and 25 (71.4 per cent) positive hemolysis 
reactions. Gernez-Rieux and Tacquet (108) examined the sera of 
193 guinea pigs which were injected with various samples sent for 
examination. Autopsy showed tuberculous changes in 67 animals, 
36 of which (53.7 per cent) had a hemagglutination titre of 1:16 
or more. 


HEALTHY ADULT SERIES 


All test subjects in the healthy adult series which was used as 
control were examined by x-ray of the lungs and the tuberculin 
test. Personnel health cards were also available and in most cases 
covered a period of several years. Thus four persons were excluded 
from the series because of pleuritis 1—2 years previously, one per- 
son because of recent treatment for pulmonary tuberculosis, and 
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one because of acute pulmonary tuberculosis found in the x-ray 
examination. Further there were excluded a case of acute rheuma- 
toid arthritis and two cases of pregnancy. On the other hand, I 
included 7 persons in whom traces of previous tuberculosis infec- 
tion were seen in the form of either calcification in the lungs or 
adhesion at the costophrenic angle. 








TABLE 8 
RESULTS OF SEROLOGICAL TESTS FOR TUBERCULOSIS WITH SERA OF HEALTHY 
ADULTS 
_—— ar Gigaset | Fa a es 
Titres 
Test = — : = = Total 


< 952) 15 2 424 193) VeAiG6: 1232) 1564) 1212615256 








‘Hemagglu- 60 44 54 40 20 4 2 = 224) 

| tination 19* 8* 6* 10" 2* —* 9% mT eel 

| 241—88.9% 30=11.1% | 

[_ etn, AN leita 20a a) re 

Hemolysis 156 18 5 13 11 9 10 2 — =224) | 
sae ae 1* 1°] 4 ge — 49 «= gejnazeg 27h 
229 = 84.5% 42—15.5% 

Meinicke negativ 254 =94.5% positive 15=5.5% 22 =271| 








In table 8 will be seen the distribution of the results for the total 
healthy adult material in the three serological tests used. In the 
hemagglutination and hemolysis tests the titres are also stated. 
As also in the later tables in this investigation, the reaction was inter- 
preted as positive if the titre was 1: 16 or higher. Tuberculin-negative 
cases are indicated by *. | 

Expressed in percentages, the smallest proportion of positive 
reactions in this control series was seen in the Meinicke test, in which 
they occurred in 5.5 per cent, then in the hemagglutination test, 
at 11.1 per cent, and the most in the hemolysis test, at 15.5 per cent. 
Koulumies and Haahti (122) obtained an incidence of 35.3 per cent 
positive reactions in the hemagglutination test but they regarded 
a titre of 1:8 already positive. Gernez-Rieux and Tacquet (108), 
whose series was the largest I have found in the literature for the 
hemagglutination and hemolysis tests, obtained, in using I.P. 48 
as antigen, positive reactions in 9.2 per cent of 259 healthy sub- 
jects in hemagglutination test and in 12.1 per cent of 172 healthy 
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subjects in hemolysis test. In my tuberculin-negative cases the 
Meinicke test was positive in 4.3 per cent, the hemagglutination 
test in 8.5 per cent, and the hemolysis test in 21 per cent. The hemo- 
lysis test thus gave a positive reaction more frequently in the 
tuberculin-negative persons than in tuberculin-positive persons. 


NON-TUBERCULOUS DISEASES AND CONDITIONS IN ADULTS 


In selecting my control series | made a special effort to obtain 
a large number of cases of the types that usually give confusing 
results in serological tests, such as acute infectious diseases, syph- 
ilis, rheumatoid arthritis and pregnancy. 

Although in the listing of the total material in table 4 the cases 
of pregnancy and syphilis were grouped separately, I have combined 
them in table 9 because of the small number of cases concerned. 

It is noted from this table that 108 cases (31.5 per cent) of 343 
cases of non-tuberculous diseases or pregnancy gave a positive 
Meinicke reaction. In the hemagglutination test, positive reactions 
were seen in 81 out of 380 cases (21.3 per cent) and in the hemolysis 
test in 97 cases (25.5 per cent). 

In the Meinicke test there was a high incidence of positive reac- 
tions in three groups in particular, i.e., in non-tuberculous diseases 
of the lungs, in which 19 out of 47 cases (40.4 per cent) had 
positive reactions, in scarlatina, with 23 positive reactions in 57 
cases (40.4 per cent), and in pregnancy, in which the reaction was 
positive in 20 out of 42 cases (47.6 per cent). A comparison with 
the results reported in the literature shows that the 113 positive 
reactions in Bohne’s (12) control series included 61 cases of 
scarlatina. Leitner (47) observed that pregnancy frequently gave a 
positive Meinicke reaction. On the other hand, the large number 
of positive reactions in the non-tuberculous diseases of the lungs in 
my control series was exceptional. In syphilis, as is usual, the control 
tube also showed a positive reaction in nearly all cases. 

The hemagglutination and hemolysis tests made in the series of 
non-tuberculous diseases and conditions showed the largest number 
of positive reactions in scarlatina and pregnancy. The 58 cases of 
scarlatina gave 20 positive reactions (34.5 per cent) in the hemag- 
glutination test and 15 (25.9 per cent) in the hemolysis test. In 42 
cases of pregnancy the hemagglutination test was positive in 15 
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cases (33.3 per cent) and the hemolysis test in 24 (53.3 per cent). All 
subjects with present or previous tuberculosis were excluded from 
the pregnancy group. Gernez-Rieux and Tacquet (108) are of the 
opinion that gestation does not cause positive hemagglutination 
reactions, whereas Howard ef al. (118) obtained a positive reaction 
in 57 per cent of a series of 37 pregnant women. Four months after 
delivery only 2 positive hemagglutination reactions were seen in the 
12 cases which could be followed up. 


ADULT CASES OF PULMONARY TUBERCULOSIS 
Distribution of Results According to Serological Test 


The series in this study comprised 520 cases of clinically active 
pulmonary tuberculosis. In 514 cases these were patients in the 
Helsinki Municipal Tuberculosis Sanatorium and 6 were cases of 
active pulmonary tuberculosis diagnosed at the Aurora Hospital. 
The case history and roentgenograms were available to me in every 
case. The Meinicke, hemagglutination and hemolysis tests were 
carried out in all cases and the results for the entire series in each 
test will be seen in table 10. 


TABLE 10 


RESULTS OF SEROLOGICAL TESTS FOR TUBERCULOSIS USING SERA OF SUBJECTS 
WITH PULMONARY TUBERCULOSIS 











we. of Positive Negative | - | 

Coane Test | ee ae Meinicke? | 
| No. % No. se | | 

520 | Meinicke ........ 302 58.9 = 21 | 4.1 7 

520. | Hemagglutination 259 49.8 261 | 50.2 

520 | Hemolysis........ 284 54.6 236 45.4 


Even when the 7 cases in which also the control tube was posi- 
tive in the Meinicke test are excluded, the highest incidence of 
positive reactions in active pulmonary tuberculosis, t.e., 58.9 per 
cent, was obtained by this method. The hemolytic test for tubercu- 
losis gave, at 54.6 per cent, the next to the highest incidence, and 
the lowest was seen in the hemagglutination test, in which it was 
49.8 per cent. A comparison of the incidence of positive reactions 
obtained in active pulmonary tuberculosis by the Meinicke test in 
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my series with the incidence of 76.8 per cent obtained in Finland by 
Koulumies (41) reveals a considerably lower incidence in my series. 
My low figure is undoubtedly influenced also by the inclusion of all 
doubtful reactions in the negative group. On the other hand, my 
results in the hemagglutination test conform fairly well with those 
obtained in Sweden by Sievers et al. (144), who found positive 
reactions in tuberculosis in 53.4 per cent of cases. Koulumies and 
Haahti (122), on the other hand, had positive hemagglutination 
reactions in 71.8 per cent; however, a titre of 1: 8 was interpreted by 
them as a positive reaction. I have found in the literature no reports 
on results of the hemolysis test in Scandinavia. 





TABLE 11 

RESULTS OF HEMAGGLUTINATION TEST IN DIFFERENT TYPES OF PULMONARY 
TUBERCULOSIS 
No. of! Titres | 





Type of Process 


Cases |<4:21:21:4 1:8 


1:16 1:32>1:64| 





| 





Bilateral exudative.......... 202 | 16 10 27 31 46 28 44 | 
84=41.6% 118=58.4% | 
Unilateral exudative ....... 84! 7 3 11 13 | 19 14 171 
34= 40.5% 50=59.5% | 
Apical or upper fieldexudative. 70 | 1710 8 13 12 4° °«5. 
48=68.6% 22=31.4% | 
Extensive productive......... 71/1 —- 11, 2 2 = — | 
3=42.9% 4=57.1% | 
Apical or upper field produce === (asi‘Cié;OC!!O!W!O!O!O!O!O!O!O!O;~;~;C~™ | 
DU eerie ore wine Sas 54/14 2 6 11 12 6 3 | 
| 33=61.1% 21=38.9% | 
Extensive exudative-produc- a rng 
SR rn | 45/2 4 8 9 10 8 4 
23=51.1% 22— 48.9% 
Apical or upper field exudative ih ada sen a a. 
-productive .............. 514 5 5 4 1 1 5 
18—72.0% 7= 28.0% 
Pace l 1 t & 8 2+ tt = 
4—66.7% 2—33.3% 
Pulmonary and extrapulmo-- © #&| 
MEW wei eee wae Sinise 27 4 1 3 6 5 64 4 
14=51.9% 13=48.1% 
Total 520 66 36 70 89 109 68 82 


261=50.2% 


7 259= 49.8 % 




















51 


Correlation of Serological Reactions and the Type and Extent 
of the Pulmonary Process 


Since the incidence of positive reactions in different types and 
varying extent of pulmonary tuberculosis is a subject of interest, I 
have also distributed the test results on this basis according to the 
principles published by Forsman and Larmola (163). Table 11 shows 
this distribution, subdivided also according to titre. 


TABLE 12 


RESULTS OF HEMOLYSIS TEST IN DIFFERENT TYPES OF PULMONARY TUBERCULOSIS 








No. of eee 7 _Titres | 
_ Cases < 9:2 1:2: 124 1:3)15 16 1232 1:64 1:12821: 256 | 


Type of Process 





Bilateral exuda- 


I eiscare vase 2022 | 38 9 14 18\25 24 34 15 25 
79=39.1% 123—60.9 % 

Unilateral exuda- is 

ero s4 | 21 2 3 98 8 15 9 9 
35=41.7% 49—58.3% 


Apical or upper) tt—t — 
field exudative .. 70 23 i 7 4 12 9 2 4 


39=55.7% 31=44.3% 
Extensive produc- es 
ere 1 7] 2 2@—— 14 24 2 2 =] 
3=42.9% 4=57.1% | 
Apical or upper,” i in _— = 6 | 


field productive. . 54, 14 a « 6 7 6 8 2 1 
| 30=55.6% 24=44.4% 

Extensive exuda- | 

tive-productive ..| 45 6 36 1 8 #11! 3 3 4 


| 

| 16=35.6% 29=64.4% | 

Apical or upper _ | 

field exudative- | 

productive ...... es) em t+ Pr St Se 2B 1 2 | 

| 17=68.0% 8= 32.0% 

Pea.) €) & te wee 2 Se UL 

| 4=66.7% 2=33.3% | 

Pulmonary and | | 

extrapu‘monary..| 27 7 2 2 2 4 4 3 1 2 | 

13=48.1% |. 14=51.9% 





Total | 520 126 27 37 46/58 69 75 35 47 
| 236= 45.4% 284 = 54.6 % 
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There appears to be a definite correlation between a positive 
hemagglutination reaction and the extent of the pulmonary process, 
since the largest number of positive reactions occurred in cases of 
extensive bilateral and unilateral exudative pulmonary tuberculo- 
sis, whereas in all forms of tuberculosis in the apex or the upper 
field the incidence of positive reactions was considerably lower. 
The same observation made by Hollander et al. (117). 

The hemolysis test, likewise, gave the greatest number of posi- 
tive reactions in the cases with an extensive pulmonary process. 
The highest incidence, 64.4 per cent, was seen in extensive pulmon- 
ary tuberculosis of the mixed type. In comparison with the results of 
Gernez-Rieux and Tacquet (108) the percentage of positive reac- 
tions in my series is definitely lower. Using I.P. 48 as antigen these 
workers obtained positive reactions in the hemolysis test in 88.8 
per cent of bilateral and 80.9 per cent of unilateral exudative pro- 
cesses; when the polysaccharide fraction of I.P. 48 was employed as 
antigen the incidences were 62.9 and 58.2 per cent, respectively. 
The latter two figures are fairly close to my results. 

The largest number of positive Meinicke reactions occurred in 
patients with extensive bilateral exudative pulmonary tuberculo- 
sis. Contrary to the results obtained in the hemagglutination and 
hemolysis tests, there were comparatively many positive reactions 
in the mixed type of apical or upper field processes, in which they 
occurred in 60.0 per cent. 











TABLE 13 
RESULTS OF MEINICKE TEST IN DIFFERENT TYPES OF PULMONARY TUBERCULOSIS 
| Positive | Negative oe | 
Type of Process |———____——_ ov ees Total 
No. | % No. % | No. 
Bilateral exudative............ 147 | 72.2 | 51 | 27.8 4 202 
Unilateral exudative .......... 43 | 51.8 | 40 | 48.2 1 84 
Apical or upper field exudative. . 25 35.7 45 | 64.3 — | 70 
Extensive productive.......... 4 | 57.1 3 | 42.9 — 7 
Apical or upper field productive) 27 50.0 27 ~—s 50.0 me | we 
Extensive exudative-productive 23 52.3 21 47.7 1 45 
Apical or upper field exudative- 
DYOGUCHIVE: 65 eee ess 1560.0 10 + =©40.0 — 25 
PAMEDORCUNOINA 566). 5.0% cies sisei0 46 3 50.0 3 50.0 -- 6 
‘Pulmonary and extrapulmonary 15 | 57.7 11 42.3 1 27 





Total 302 


58.9 | 211 41.1 7 520 
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Correlation of Serological Reactions and the Duration of the Disease 
and the Sedimentation Rate 


I have made a further distribution of the test results to study 
whether cases with a long history give positive reactions more fre- 
quently than cases of short duration. This distribution is shown 
in table 14. 

TABLE 14 


RESULTS OF SEROLOGICAL TESTS IN CASES OF PULMONARY TUBERCULOSIS, 
DISTRIBUTED ACCORDING TO DURATION OF DISEASE IN YEARS 











| Test o—1 | 1-3 S| 5 | Total | 

| + REE ip ce eT Gk | 
Meinicke ........ | 85 902 | 82662 38312) 95 261) =520 | 
‘Hemagglutination | 68 109 | 8169 | 3932 | 7250 =520 | 
‘Hemolysis ........ |80 97 | 8466 | 4328 | 76 46 =520 | 





It appears that in all the serological tests used the incidence 
of positive reactions clearly increased with the duration of the 
disease. This was particularly evident in the Meinicke test, in which 
78.5 per cent of the cases of pulmonary tuberculosis with a history 
of over 5 years gave positive reactions. 

The correlation between the results of the serological tests and 
the sedimentation rate is seen in table 15. I have excluded from this 


TABLE 15 


RESULTS OF SEROLOGICAL TESTS IN CASES OF PULMONARY TUBERCULOSIS, 
DISTRIBUTED ACCORDING TO SEDIMENTATION RATE 





~<9mm_— 10-29 mm_| 30—59 mm _ | >60 mm | 
i a etc Total | 


Test | 
—/|?!);+);—/)/?;}]+;—]?)]/+;)]—!? 





| 
Meinicke 38 63 1 89 68 1 | 90 50) 1 80 30 | 4 |=515) 


Hemagglu- | | | 
tination | 35 67 77 «~81 | 69 72 75 | 39 | =515) 
Hemolysis 45 57 84 74 | 89 | 52 | 63 51 | =515) 


table 5 cases, consisting of 2 patients with syphilis, 1 with rheuma- 
toid arthritis, 1 with cancer of the lung, and 1 with lymphatic leu- 
cemia, since the sedimentation rate appeared to be more greatly 
dependent on these diseases than on the pulmonary tuberculosis. 
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On the basis of this table it seems probable that the positive reac- 
tions in serological tests definitely increase as the sedimentation 
rate becomes elevated. In studying the relationship between the 
hemagglutination test and the sedimentation rate Koulumies and 
Haahti (122) observed in 125 cases and Gernez-Rieaux and Tac- 
quet (108) in 1,405 cases that the number of positive reactions 
increased in proportion to the elevation in the sedimentation rate. 


Serological Tests in Pulmonary Tuberculosis with Cavity Formation 


I did not distribute the cases of pulmonary tuberculosis accord- 
ing to the presence or absence of tubercle bacilli in the sputum, 
since they frequently disappear from the sputum during chemo- 
therapy and reappear in some cases after discontinuance of the 
chemotherapeutic measures. I considered it preferable to segregate 
those cases in which the roentgenogram revealed cavity forma- 
tion. The results of the serological tests in these cases are shown in 
table 16. 


TABLE 16 


RESULTS OF SEROLOGICAL TESTS IN CASES OF PULMONARY TUBERCULOSIS WITH 
CAVITY FORMATION 














| a Titres. 
Test a a eS —-—| Total 
<1: 2 1:2 1:4 1:8 1:16 1:32 1:64 1: 12821: 256 
Hemagglutina- | | 
MGR iseiscss4 19 11 32 33 55 37 =~ «50 = 237 
95=40.1% | 142=59.9% | 
Hemolysis .... 40 8 11 22; 33 24 £37 24 29 = 237 
90=38.0% 147=66.5% 
negative positive 
Meinicke .... 78=33.5% 156=66.5% 23 | =237 











There was no definite increase in the number of positive reac- 
tions in the cases of pulmonary tuberculosis with cavity forma- 
tion. The incidences were close to the figures which were obtained 
when all the exudative cases in the pulmonary tuberculosis series 
were separated into their own group. In the individual cases, how- 
ever, it frequently occurred that all the serological reactions were 
simultaneously negative in recent cases in which there was cavity 
formation but only slight changes in the surrounding parenchyma. 
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Serological Reactions in Cases with Pneumothorax and Surgical Cases 


I have also examined separately the patients with pulmonary 
tuberculosis who currently were undergoing pneumothorax treat- 
ment, and another group of patients who had been treated by a 
major surgical operation, such as pneumolysis, thoracoplasty, 
lobectomy or pneumectomy. No old post-surgical cases in which 
more than 2 years had elapsed since the operative treatment were 
included among the latter. 

Table 17 shows the reactions in the sera of patients receiving 
collapse therapy. These patients are best comparable with cases 


TABLE 17 
RESULTS OF SEROLOGICAL TESTS IN CASES WITH PNEUMOTHORAX 





Titres | 





| Test ns el Ota 

1:2 1:2 1:4 1:8) 1:16 1:32 1:64 1: 12851: 256 

Hemagglutina- 

DR extn | 5 4 8 11) 12 6 418 | =59 

28= 47.5% 31=52.5% 

Hemolysis .... oe ses 3 7 ¢ © & © | =e 
24=40.7% 35=59.3% 

Meinicke ..... negative =| positive #8 | 
25=42.4% 34=57.6% | =59 








of unilateral exudative pulmonary tuberculosis. A comparison with 
the cases in the latter group revealed no decrease in the number 
of positive serological reactions because of the collapse therapy. 

















TABLE 18 
RESULTS OF SEROLOGICAL TESTS IN SURGICAL CASES OF PULMONARY 
TUBERCULOSIS 
| Titres 
Test j E - PTE, at ——— >} Oran } 
<1: 2 1:2 1:4 1:8 1:16 1:32 1:64 1:128>1: 256 
[ | 
Hemagglutina- | | | 
re (££ es + & | =38 
16=42.1% 22=57.9% 
Hemolysis..../ 5 3 3 1| 7 + 5 4 5 &€ 5 | =3s | 
| 86% BB eS 
Meinicke.... | negative positive | 
| 17=41.5% 21=58.5% | = 38 | 











In the cases which had been treated operatively the process had 
usually been of the severe exudative type, and a comparison with 
these cases in the total series revealed no essential difference in the 
serological reactions of the two groups. It appears that the posi- 
tive reactions persist for a long time post-operatively. Gernez- 
Rieux and Tacquet (108) followed up 9 surgical cases of pulmonary 
tuberculosis for about 2 years. In 6 cases recovery was good, but 
in only 4 of these a gradual decline in the titre set in, and in 1 case 
only it fell below 1: 8 during the time of observation. These workers, 
also, observed no effect by the pneumothorax on the reaction titres. 


Relationship of Chemotherapy to Results of Serological Tests 


During the present age of chemotherapy it is difficult to find 
patients with pulmonary tuberculosis who have not received this 
treatment. Thus among the 520 cases of pulmonary tuberculosis 
I found only 40 patients who according to the case history had not 
been given antituberculotic chemotherapy during the 4 months 
immediately preceding the drawing of the serological sample. 


TABLE 19 


RESULTS OF SEROLOGICAL TESTS IN CASES OF PULMONARY TUBERCULOSIS NOT 
TREATED BY CHEMOTHERAPY 











| Titres | 

Test ae eee > : | Total 
| <1:2 1:2 1:4 1:8) 1:16 1:32 1:64 1:1282>1: 256 | 
estas. | 
| tion ........ 242 3.71 2 6 7 =40 
| | 19=47.5% | 21=52.5% 
Hemolysis ....| 10 ae we 2 9 6 2 1 =40 
eae I ye NR en —— 
‘Meinicke  .... | negative | positive 

11=37.5% | 29=72.5% =40 





Table 19 shows the results of the serological tests in the cases 
which had not been treated by chemotherapy. A comparison with 
the entire case series reveals no clear difference in the reactions. The 
Meinicke test only gave, at 72.5 per cent, « higher incidence of 
positive reactions than the total series, but this group is too small to 
allow us to consider this difference a definite one. 
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INACTIVE CASES OF PULMONARY TUBERCULOSIS IN ADULTS 


The following criteria were observed in the selection of the 107 
cases in this series: The disease had a history of several years’ 
duration, the sedimentation rate had been low for some time, no 
tubercle bacilli were present in the sputum, and there had 
been no development in the roentgenological changes. This series 
also includes those cases revealed by x-ray examination in which 
extensive calcifications were present in the lungs, but not cases 
with a calcified primary complex or hilar calcification only. Table 
20 shows the results of the serological tests in this series. 








TABLE 20 
RESULTS OF SEROLOGICAL TESTS IN INACTIVE CASES OF PULMONARY 

TUBERCULOSIS 

7 | Titres 
Test wee : = Eee | Pecak 
1<1:2 1:2 1:4 1:8) 1:16 1:32 1:64 1: 12851: 256 | 
Hemagglutina- | 
GON So sicieses 13 16 20 24) 23 7 4 =107 
73= 68.2% | 34= 31.8% | 
Hemolysis ....| 43. 12 17 7 14 12 2 — a | el 
79=73.8% 28 = 26.2% | 
Meinicke .... negative positive | 
82=77.4% 24=22.6% tA =107 





In both the hemagglutination and hemolysis tests the incidence 
of positive reactions in the inactive cases of pulmonary tuber- 
culosis was slightly higher than in the series of non-tuberculous 
diseases (table 9) but definitely higher than in the series of healthy 
adults (table 8). The Meinicke test, on the other hand, had a lower 
incidence of positive reactions in this series than in non-tuberculous 
diseases but a definitely higher incidence than in healthy adults. 
Gernez-Rieux and Tacquet (108) in carrying out the hemagglutina- 
tion test in 190 inactive cases of tuberculosis and the hemolysis 
test in 64 cases, obtained positive reactions in 85 cases (45 per cent) 
and 27 cases (42 per cent), respectively. My incidences of positive 
reactions were thus somewhat lower than those obtained by Ger- 
nez-Rieux and Tacquet. 
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EXTRAPULMONARY TUBERCULOSIS IN ADULTS 


Since it is the prevalent opinion that the serological reactions are 


considerably more frequently negative in extrapulmonary and child- 
hood tuberculosis than in the pulmonary type, a separate series has 
been compiled of these cases. The results of the serological tests in 
extrapulmonary tuberculosis in adults are shown in table 21. 











TABLE 21 
RESULTS OF SEROLOGICAL TESTS IN CASES OF EXTRAPULMONARY TUBERCULOSIS 
oat (wer | Titres === Meeinicke 
(Tuberculosis) Cases |<4:2 1:2 1:4 1:8] 1:16 1:32 1:64 1:12821:256) + | — |? 
Tuberculous __ Aggl. i—- — 1 — 2 | 
| Pleural Em- “ Hemol. — — — — 1 — 1 woe 1 | 
pyema | | 
Tuberculous Aggl. | 8 2 40 7 3 1 | 6 | 
Exudative Hemol, 14 8 3 4 1 #2 1 2 | | ” 
Pleuritis | 
Tuberculous Aggl. — —-— ff — Ff i-— | : | 
| Meningitis Hemol 1 — 1—> — — — 1 — | 2 
Bone and Aggl. = 42 1 1 2 — | 
| Joint Tuber- ‘Hemol. 1 — 2 —| — 2 2 — — | 8| — 
| culosis | | 
Urogenital Agel. _-——. = ££ £ 2 | | 
| Tuberculosis ° Hemol. 4 — 1 1° — 1 — — i er 7 
| Tuberculosis Aggl. 2 —-— — 24 — 1 — | ° 
‘wipes ("temo 3s —-—-|— 1 — _— a 
| Nodes | | | | | 
Aggl. 3s 3 123 i) (67 6 7 | 19 | 40 | 2 | 
| | | 
Total 61 | 41=67.2% 20 =32.8 % | 32.2 %| 67.8 %| 
Hemol. 23 : > f 2 6 4 2 4 | | 
43=70.5% 18=29.5% | | 











This series is relatively small and only contains 61 cases but it 
nevertheless indicates that the incidence of positive reactions is 
definitely lower in extrapulmonary than in pulmonary tuberculosis. 
Positive reactions were obtained in the Meinicke test in 19 cases 
out of 59 (32.2 per cent), in the hemagglutination test in 20 cases 
out of 61 (32.8 per cent) and in the hemolysis test in 18 cases out of 
61 (29.5 per cent). The number of positive reactions was reduced 
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especially by the group of 35 cases of exsudative pleuritis, in 29 of 
which the Meinicke test was negative, in 27 the hemagglutination 
test, and in 29 the hemolysis test. In a series of extrapulmonary 
tuberculosis studied by Gernez-Rieux and Tacquet (108) a posi- 
tive hemagglutination reaction was obtained in 67 cases out of 
102 cases (66.4 per cent) and a positive hemolysis reaction in 29 
out of 44 cases (65.9 per cent). 


CHILDREN’S SERIES 


Serological Reactions in Healthy Children and in Children with Non- 
Tuberculous Diseases 


The healthy children in this series were either previously tuber- 
culin-positive or were rendered tuberculin-positive by Calmette 
vaccination. As stated above, Gernez-Rieux and Tacquet (108) 
have demonstrated that BCG vaccination raises the titre in sero- 
logical tests to the positive side for a short time. For this reason I 
have included no cases in which less than 1 year had elapsed since 
performance of the Calmette vaccination. The non-tuberculous 
diseases are not shown separately, since the two groups would be 
too small. The serological results for this series are shown in table 22. 


TABLE 22 


RESULTS OF SEROLOGICAL TESTS WITH SERA OF HEALTHY CHILDREN AND OF 
CHILDREN WITH NON-TUBERCULOUS DISEASES 





| | Titres | 
| Test een eer a ] ; ae | Total 
<n 2 2) 4 1:8) 1:16 1:32 1:64 1: 12821: 256 





| 
| 
— se | 
| re | 41 29 42 44.12 4 — =172 
| | 156=90.7% 16=9.3% 
Hemolysis sin | 86 i 26 2i; 29 5 4 _ oom =172 
144=83.7% 28=16.3 % 
|Meinicke pul negative positive 

143=84.6% | 26=15.4% 23 =172 


The incidence of positive reactions was about 10 per cent lower 
than that obtained in non-tuberculous diseases in adults. However, 
it was as high as in the series of healthy adult subjects except in 
the Meinicke reacton, in which the incidence of positive reactions 
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was about 10 per cent higher than in healthy adults. Andersson 
and Platou (88) and Gernez-Rieux and Tacquet (108) are of the 
opinion that children usually give low titres. The first mentioned 
regarded a titre of 1: 4 as positive and the latter a titre of 1:8. In 
view of the results in my control series a titre below 1: 16 could not 
be considered positive in Finland. 


Childhood Tuberculosis 


The childhood tuberculosis series comprised a total of 137 cases. 
Children’s sera appear to have titres that are lower than those 
obtained in my series of adult tuberculotics. This is seen very clearly 
in the group of 99 cases of tuberculosis of bones and joints, in table 
23. 

The results which I was able to obtain are definitely poorer 
than those of Gernez-Rieux and Tacquet (108) for in a series of child- 
hood tuberculosis of various types they had positive reactions in 
71 out of 77 cases (92.2 per cent) in the hemagglutination test and 
in 32 out of 45 cases (71.1 per cent) in the hemolysis test. The anti- 
gen used was I.P. 48 and titres of 1: 8 and higher were interpreted 
as positive. If this titre were considered positive in my series, the 
incidence of positive reactions would be 54.7 per cent in the hemag- 
glutination test and 51.1 per cent in the hemolysis test. 


EVALUATION OF THE BORDERLINE TITRE 


In table 24 I have calculated the percentages of positive reac- 
tions in the hemagglutination and hemolysis tests when the titres of 
1:8, 1:16 and 1:32 are regarded as the borderline for positive 
reactions. The series of extrapulmonary tuberculosis and all the 
children’s series have been omitted from this table. 

In the hemagglutination test the results are more dependent 
on the selection of the borderline titer than in the hemolysis test. 
For instance, if the borderline is raised to 1: 32, the incidence of 
positive reactions in the hemagglutination test will decline by 8 per 
cent in the series of healthy adults but by 21 per cent in the pul- 
monary tuberculosis series. In the hemolysis test the decline is 5.5 
per cent and 13.3 per cent, respectively. In general, a relatively 
large proportion of the results in the hemagglutination test are near 








TABLE 24 


PERCENTAGE OF POSITIVE REACTIONS IN HEMAGGLUTINATION AND HEMOLYSIS 
TESTS, DIFFERENT BORDERLINES 














| 








| Lowest | Healthy Non- Inactive | Active | 
Test | Positive | Subjects | Tuberculous Pulmonary | Pulmonary 
| | Titre | | Diseases | Tb | Tb 
Hemagglutina- , | 
BR? aves 1:8 | 29.5% | 42.6% 54.2% | 66.9% 
1546 11.1% | 21.3% | 31.8% 49.8% 
1:32 | 3.0% | 5.8% 10.3% | 28.8% 
Hemolysis.... 1:8 | 20.7% 36.6% 32.7% | 65.8% | 
1: 16 15.5% 25.5% 26.2% | 54.6% | 
1: 32 10.0% | 15.3% 13.1% | 41.3% | 








the titres which may be considered decisive, whereas in the hemo- 
lysis test the results are spread over a wider range. 

The selection of titre 1: 16 as the borderline for positive reac- 
tions appears to be well founded in the hemagglutination test, for 
the most distinct difference is then obtained between the inci- 
dence in the active pulmonary tuberculosis series and the other 
test series. If a titre of 1: 8 is taken as the borderline, the pulmonary 
tuberculosis series will show a difference of 37.4 per cent from the 
healthy adult series, 24.3 per cent from the series of non-tuber- 
culous diseases, and 12.7 per cent from the inactive pulmonary 
tuberculosis series. With the borderline at 1: 16 the differences are 
38.7 per cent, 28.5 per cent and 18.0 per cent, respectively, and at 
1: 32 they are 25.8 per cent, 23.0 per cent and 18.5 per cent. 

In the hemolysis reaction a borderline of 1: 8 would seem to be 
more favorable, for the difference between the incidences in active 
pulmonary tuberculosis and in the other series is greatest at this 
level, i.e. 45.1 per cent when compared with the series of healthy 
subjects, 29.2 per cent when compared with non-tuberculous 
diseases, and 33.1 per cent compared with inactive pulmonary 
tuberculosis. At a borderline of 1:16 these differences would be 
39.1 per cent, 29.1 per cent and 28.4 per cent, respectively, and at 
1: 32 they would be 31.3 per cent, 26.0 per cent and 28.2 per cent. 
Since the difference in the hemolysis test is a very small one whether 
the borderline is at 1: 8 or at 1: 16, I have for the sake of uniformity 
selected the latter titre as the lowest positive value. 
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SUMMARY OF SEROLOGICAL TEST RESULTS 


It was one of the purposes of this investigation to study which 
combination of the three serological tests used by me would form 
the best aid in the clinical diagnosis of tuberculosis. To fill this 
purpose it is required that such a combination will give positive 
reactions in a comparatively large number of tuberculous cases 
but a minimum of positive reactions in the control cases. Since in 
the studies described above the number of positive and negative 
reactions in the three tests lie fairly close to each other, it seemed 
probable that a suitable combination would hardly be obtainable. 
I have, however, classified the entire series in different combinations 
of positive and negative reactions obtained in the three tests, 
as shown in table 25. All cases of syphilis and those cases in which 
the Meinicke test showed a positive reaction in the control tube have 
been excluded from this table. 


TABLE 25 
DISTRIBUTION OF ALL CASES ACCORDING TO RESULTS OF SEROLOGICAL TESTS 











| | | | 
| Meinicke Brat Reise ctinnste tie ey ae | ae pes ee 
| Hemagglutination ...... + | + | send Baad (Os 20 +|— ew ‘No. of 
| Hemolysis .............. + |}|— | +|— | +}—{+ | -- | Cases 
| ie ie ee es ee 
Healthy subjects ........ 1; 3 2 17 - 20 | 56) 259 | =371 
| Pregnancy and nontubercu- | | | | 
lous diseases .......... | 28) 18 | 27 47| 15) 15 26 227 =403 
Inactive pulmonary tuber-| | | | 
ee oe | 8 4] 1] 11) 10/12] 7 53 |=106 | 
Active tuberculosis ...... | 165! 53 | 59 107) 64! 40 50; 168 | =706 











Total | 202 78 | 89 | 182) 102) 87 | 139] 707 | 1586 





It will be observed that a positive reaction occurred in all the 
three tests in 23 + 1.6 per cent of cases of tuberculosis in the 
active stage and in 4.2+-0.8 per cent of the control series. All the 
tests were negative in active tuberculosis in 24+-1.6 per cent and in 
the control series in 56+-2.5 per cent. 

Table 26 shows the percentages of positive and negative reac- 
tions in each series of cases, distributed according to positive reac- 
tions in one test and in two or three tests, and according to negative 
reactions in at least two tests or in all three tests. The percentage 
of statistical deviation of the results is also given. 








TABLE 26 


PERCENTAGE DISTRIBUTION OF THE CASE SERIES ACCORDING TO SEROLOGICAL 
TEST RESULTS AND ITS DEVIATION 





| Per cent of | Per cent of | Pp t of | 

| Cases Posi- | Cases Nega- aa nc a ‘Total No. of| 
tive in at tive in at Cases 

least 2 Testsileast 2 Tests results 








Healthy subjects .. 5 95 1.1 371 
Pregnancy and non- 
tuberculous diseases 22 78 2.0 403 
Inactive pulmonary! 
tuberculosis ...... | 22 78 4.0 106 
Active tuberculosis 48 52 1.8 706 


Per cent of Per cent of | 


| Cases Posi- | Cases Nega- | Per — ot Total No. of 
| ‘Deviation of 








tive in at tive in all 3) Cases 
| least 1 Test Tests Results 

Healthy subjects .. 30 70 | 24 371 
Pregnancy and non- 
tuberculous diseases | 44 56 2.5 403 
‘Inactive pulmonary 
‘tuberculosis ...... | 50 50 | 4.9 | 106 
Active tuberculosis | 76 24 1.6 | 706 


Two or more tests showed positive reactions in 5+1.1 per 
cent in the series of healthy subjects but as much as 22+2.0 per 
cent in non-tuberculous diseases and pregnancy. In inactive pul- 
monary tuberculosis the percentage was also 22 per cent, but 
the statistical deviation was greater because of the smaller number 
of cases in the series. In active tuberculosis, 48 + 1.8 per cent of 
cases were positive in two or three tests. The difference between the 
active tuberculosis series and the control series is significant but 
not very great in all the combinations of tests. 


ABSORPTION TESTS FOR REMOVAL OF POSSIBLE NON-SPECIFIC 
REACTIONS 


Principles of the Test: Agglutinins produced by the disease can 
be removed from the serum by absorption of the latter with a suf- 
ficient amount of the bacterium causing the disease. 

Technic and Results: Since absorption with sheep red cells 
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prior to performance of the hemagglutination and hemolysis tests 
may possibly be inadequate, I carried out this step in some cases a 
number of times. This was considered necessary also because of the 
observation made by Sievers ef al. (144) that positive hemagglutina- 
tion reactions disappear after repeated absorption with sheep red 
cells if the rise in the titre is not due to tuberculosis. I therefore 
examined the sera of 47 patients with tuberculosis and of 59 con- 
trol subjects by the hemagglutination and hemolysis tests after the 
routine absorption of the sheep red cells and repetition of the 
absorption 6 times. The results of the tests in these cases are listed 
in table 27. 
TABLE 27 


RESULTS OF HEMAGGLUTINATION AND HEMOLYSIS TESTS BEFORE AND AFTER 
ABSORPTION OF SERA WITH SHEEP RED CELLS SIX TIMES 





| 7 ~ Before After 





| < Absorp- Absorp- Titre 
No. tion tion Chang- 
| Test a ; | oes 
| Casee' = cs! # | & | Posit. Un- 
Z 20 2 rH) Decr. Incr. 

| eg s < 2 changed 
| Hemagglutina- 

tion 
| Tuberculotics | 47 38 9} 27 | 20 1 30 7 10 
| Controls ....| 59 | 26 | 33] 15 | 44 1 26 3 30 
'Hemolysis 
| Tuberculotics 47 36° | 12 | 2% | 20 3 24 16 7 
, Controls .... 59 37 | 22 | 25 | 34 5 31 14 14 


The reaction was considered positive if the titre was 1: 16 or 
higher. After absorption 6 times about one-third of the sera became 
negative, having a titre of 1:8 or lower, but this occurred to an 
equal extent in the control series and in the tuberculosis series. A 
slight fall in the titre occurred almost regularly in all cases, which 
was only natural since the serum becomes diluted in connection 
with absorption. It thus seems probable that repeated absorption 
with sheep red cells will not remove possible non-specific reactions. 


I also absorbed a number of sera with dried powdered Staphylococcus 
aureus-albus and some sera with dried powdered tubercle bacilli. Staphylo- 
cocci were employed since this is perhaps the most common bacterium in 
man and in the case of a non-specific reaction caused by this bacterium 
the reactions would presumable become negative in at least a part of the 
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cases after this absorption procedure. Absorption with tubercle bacilli should 
make the reactions negative if a specific serological tuberculosis reaction 
is involved. In similarity with Maillard and Gagliardo (130) I used 50 mg of 
powdered bacteria per ccm of serum diluted 1: 2 with physiological saline 
solution. The Staphylococcus aureus-albus powder was prepared by culture 
of the strains on the usual agar for 3 days, after which the bacteria were 
suspended in physiological saline solution, killed by keeping at +120°C 
for 40 min. and then dried in the incubator. The tubercle bacillus powder 
was prepared from strain H;,Rv, which had been grown for 6 weeks on 
Sauton culture medium. 


The absorption with staphylococci was carried out in the case 
of 100 tuberculous sera and 111 control sera. Table 28 shows the 
changes to negative in the sera which were positive before absorption 
and the movement of the titres for all the sera absorbed with the 
dried powdered staphylococcal mixture. 


TABLE 28 


RESULTS OF HEMAGGLUTINATION AND HEMOLYSIS TESTS BEFORE AND AFTER 
ABSORPTION OF SERA WITH STAPHYLOCOCCAL MIXTURE 





Before | After 





| Absorp- _ Absorp- Titre 
No tion | tion Chang- 
Test | of oe > | og | edto ager a 
Case | 3 & | 3 & | PS:  Deer.| Incr —_ 
~ 2 s 2 | ~* changed 
mt Zz = Z 
Hemagglutina- 
tion 
Tuberculotics 100 | 50 | 50 | 24 | 76 1 70 6 24 
Controls ........ 111 | 28 | 83 5 106 3 76 6 29 
Hemolysis 
Tuberculotics 100 | 61 | 39 | 23 | 77 2 77 6 17 
Controls ...... 111 | 36 | 75; 13 | 98 6 56 15 40 


In the hemagglutination test in particular the absorption with 
staphylococci appeared to shift the reaction to the negative side 
more frequently in the control series than in the tuberculosis 
series. However, this difference may be only a seeming one, for 
in control cases the titres usually were lower than in tuberculotics — 
and more frequently grouped around the borderline of positive 
reactions, so that a fall in the titre even by one dilution brought the 
reaction to the negative side. On the other hand, a comparison of 
the decline in the titre values after absorption shows that this was 
approximately the same in both groups. In the hemolysis test, 
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also, the control series showed more frequent changes to negative 
than the tuberculotic series, but in this test the titre often was 
elevated following absorption with staphylococci, as also had been 
the case after repeated absorption with sheep cells. 

The sera of 41 tuberculous persons and 32 control subjects 
were absorbed with killed and dried tubercle bacilli. In the hemag- 
glutination test following absorption the titre was below 1:2 in 
35 of the former and 28 of the latter, and in the hemolysis test in 
37 and 27, respectively. In only one case in the control series the 
hemolysis test remained positive after the absorption with tubercle 
bacilli. The results will be seen in figs. 6—9. 
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Fig. 6. — Hemagglutination titres before absorption of sera with tubercle bacilli. 
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Fig. 7. — Hemagglutination titres after absorption of sera with tubercle bacilli. 
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Fig. 8. — Hemolysis titres before absorption of sera with tubercle bacilli. 
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Fig. 9. — Hemolysis titres after absorption of sera with tubercle bacilli. 


Following the absorption with staphylococci the titre fell below 
1: 16 in about one-half of the cases of tuberculosis, whereas after 
the absorption with tubercle bacilli all tuberculotic sera became 
negative. It would thus seem probable that the titres obtained in 
these cases were infact due to the tuberculosis infection. In the con- 
trol series the absorption with staphylococci made the hemagglutina- 
tion test negative in about 80 per cent of the cases and the hemo- 
lysis test in about 65 per cent of the cases. The absorption with 
tubercle bacilli effected this change in a still greater number of cases 
but the difference was not very marked. 
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EXAMINATION OF THE ANTIGEN BY MACRO-ELECTROPHORESIS 


I have made an attempt to find out by means of electrophoresis 
which part of the antigen contains the active substance. For this 
purpose the antigen was fractionated by the macro-electrophoresis 
method. 


In the procedure, used 1 gm of lyophilised antigen was dissolved in 100 
ccm of barbituric acid-sodium diethylbarbiturate buffer, ionic strength 0.1 
and pH 8.6. The solution was dialysed against the same buffer at +4°C 
until balance was obtained, determined by measuring the conductivity 
of the solution and the buffer. The electrophoresis run was made in the 
Tiselius apparatus at +2°C with a potential gradient of 9V/cm. After 34% 
hrs. the run was stopped and the fluid columns in the ascending limb 
(positive pole) and the descending limb (negative pole) of the U tube were 
cut off in the middle in the usual way. The components with the highest 
speed were then located in the upper part of the ascending limb and those 
migrating slowest were in the upper part of the descending limb. 


+ - 
I Y 
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Fig. 10. — Position of Fractions I—V after completed electrophoretic run. 


The result of the run be seen in fig. 10. 
The nitrogen content of the various components, determined 
by the biuret method, was as follows: 


Fraction I: Upper part of ascending limb 0.4 per cent N 


» II: Lower » » » . 2 + * *® 
» III: Base OS * FF + 
D IV: Lower part of descending limb0.3 » » » 
» V: Upper » » » , Ol © » » 


Sheep red cells were sensitised in the usual manner with the 5 
fractions obtained by electrophoresis, using a volume of solution 
corresponding to an antigen concentration of 10 mg per 0.1 ccm of 
cells. The titrations were made with 5 different sera and the titres 
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were compared with those obtained at the same time with the 
original antigen. The fractionation and the serum titrations were 
performed twice and the results obtained were in agreement with 
each other. From table 29 will be seen that Fractions I—IV gave 
approximately the same titres as the original antigen. On the other 
hand, fraction V, which had the lowest nitrogen concentration, was 
completely inactive. 


TABLE 29 


RESULTS OF HEMAGGLUTINATION AND HEMOLYSIS TESTS USING SHEEP RED CELLS 
SENSITISED WITH THE ORIGINAL ANTIGEN AND FIVE MACROELECTROPHORETIC- 
ALLY SEPARATED FRACTIONS 





Antigen Used for Sensitisation— 








Test t=. 3a 
| No, |Original | | | 7 a 
| ‘Antigen I II III | IV | V 
| i 
Hemagglutination = 1 1:16 | 1:8 | 1:16/1:16/1:8 | 0O | 
| 1:16 (1:8 | 1:16 1:8 | 1:8 0 
| 3 1:4 1:2 | 1:2 | 1:2 0 0 
| 4 1:4 : eae. 1:4 1:8 1:8 | 0 
| 45 1:16 1:16 | 1:16 | 1:32 | 1:16 0 | 
Hemolysis.......... 1 1:8 1:8 1:16 1: 1: 16 0 
| 2 1:2 1:4 1:8 1: 2 1:2 0 | 
“4 0 0 0 0 0 0 
4 ) ee ao 1:4 422 0 0 | 
5 1:4 1:8 <2 0 1:8 0 | 





























DISCUSSION 


In reviewing the results obtained in this investigation with the 
Meinicke, hemagglutination and hemolysis tests for tuberculosis, 
two questions stand out. Firstly, what is the reason for the nega- 
tive serological reactions in a considerable proportion of tuber- 
culous processes which clearly are in the active phase? Secondly, 
why do clinically healthy persons and patients with non-tuber- 
culous diseases frequently give positive reactions in the serological 
tests for tuberculosis? 

Several investigators have studied these problems in the past. 
As stated by Meinicke (54), the serological reactions for tubercu- 
losis are based on the demonstration of an excess of antibody, and 
if the disease process is in a very active phase, associated with tissue 
decomposition and large amounts of tubercle bacilli in the body the 
latter completely bind the antibodies produced by the organism, 
leaving no excess. In support of this opinion he referred to the 
negative reactions frequently obtained in the exudative type of 
pulmonary tuberculosis and when tuberculosis nears a fatal termi- 
nation; in both conditions the number of bacilli in the body is 
known to be very large. However, in my series this phenomenon 
was not seen and, in fact, the highest incidence of positive reactions 
occurred in exudative pulmonary tuberculosis. Similarly, the 17 
cases which ended fatally within 2 months from the time of drawing 
the sample gave positive Meinicke and hemagglutination reactions 
in 13 cases and positive hemolysis reactions in 9 cases. Thus the 
incidence of positive reactions in fatal cases was 76.4 per cent in 
the Meinicke and hemagglutination tests and 52.9 per cent in the 
hemolysis test, while in the entire series of cases of pulmonary 
tuberculosis the Meinicke test was positive in 58.9 per cent, the 
hemagglutination test in 49.8 per cent and the hemolysis test in 
54.6 per cent. 
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It may also be presumed that sera that give a negative reaction 
may contain substances that inhibit the tuberculosis reactions. This 
possibility was studied by Gernez-Rieux and Tacquet (108), but on 
adding to positive serum negatively reacting serum from a tuber- 
culotic patient they found a weakening of the positive reaction in 
exceptional cases only. Using in the hemagglutination and hemo- 
lysis tests Coombs’s technic, which is employed in the examination 
of Rh antibodies, these investigators as well as Meynell (131) studied 
whether the blood of otherwise negatively reacting patients with 
tuberculosis possibly contains incomplete antibodies which give a 
positive reaction by this technique only. However, the results were 
negative in both the hemagglutination and the hemolysis reactions. 
Gernez-Rieux and Tacquet (108) also failed to observe the so- 
called »Zone» phenomenon, in which there is a stronger reaction 
in some serum dilutions. In a few cases I was able to observe this 
phenomenon to a small degree in the hemolysis reaction, but in my 
opinion it is of no practical significance in the evaluation of the 
results. 

According to reports in the literature and my own investiga- 
tions, the most important factor in the occurrence of negative reac- 
tions in tuberculosis is probably the antigen itself. Thus greatly 
varying results were obtained by Gernez-Rieux and Tacquet in 
employing as antigen the phenol-water extract of tubercle bacilli, 
prepared according to the Middlebrook-Dubos method described 
above, or I.P. 48 or its polysaccharide fraction from the Pasteur 
Institute. Grabar ef al. (111) have demonstrated that in some cases 
the red cells sensitised with the I.P. 48 protein fraction or PPD 
after treatment with tannic acid reacted positively with sera which 
gave a positive reaction with sensitised cells that had not been 
pretreated with tannic acid. Middlebrook (133) suggested that the 
active substance in the hemolysis reaction is a component in the 
antigen different from that in the hemagglutination reaction. 
Occasionally, it is true, such marked differences are seen in the | 
titres obtained for the same sera in the hemagglutination and 
hemolysis tests that there seems to be reason to suspect the action 
of different components. Reactions of this kind, in which the diffe- 
rence in the titres was 16-fold or greater, were seen in 79 of the 
825 sera in my series of tuberculous cases and in 42 of the 823 sera 
in the control series. 
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Chemically, three groups of substances are present in the tubercle 
bacillus, i.e., lipids, proteins and polysaccharides. The antigen 
which is active in the hemagglutination and hemolysis reactions 
contains only the latter two, but the Meinicke antigen has all the 
three groups. In my investigation the Meinicke test yielded the best 
results. It would thus seem that the exclusion of lipids from the 
antigen leads to a deterioration of the results. It furthermore seems 
that tuberculosis induces a highly complicated antibody formation 
in the organism and apparently there occur antibodies against 
different components of the tubercle bacilli in different cases. The 
amounts of antibodies in the blood are probably small, for the titre 
levels obtained were usually low, and in some cases they apparently 
are not present in demonstrable amounts. 

The occurrence of positive reactions in clinically healthy indivi- 
duals may also be due to a number of causes. It seems probable 
that antibodies from healed tuberculosis persist in the blood for a 
long time. The 107 inactive cases of pulmonary tuberculosis in my 
series had positive reactions in the Meinicke test in 22.6 per cent, 
in the hemagglutination test in 31.8 per cent, and in the hemolysis 
test in 26.2 per cent. These incidences are higher than in the series 
of non-tuberculous diseases and healthy individuals except in the 
non-tuberculous series in the Meinicke test. Sievers et al. (144) 
demonstrated that persons who had been in contact with tuberculo- 
tics gave a larger number of positive reactions than other healthy 
persons. Gaby et al. (101) also observed that the laboratory per- 
sonnel reacted positively more frequently than was the case norm- 
ally. Haahti and Raitio (112), again, reported that umbilical cord 
blood gave a positive reaction if the mother had a high hemaggluti- 
nation titre. The tuberculin test may occasionally cause a positive 
reaction to appear. Thus Gernez-Rieux and Tacquet after injection 
of increasing doses of tuberculin into 6 tuberculin-negative persons 
who gave negative serological reactions found a positive hemagglu- 
tination reaction in 1 case. BCG vaccination, also, will give a posi- 
tive titre in 50 per cent of the subjects according to Gernez-Rieux 
and Tacquet, but this high titre does not persist for more than 1 
year at the most. 

Since tuberculosis may sometimes heal so completely that no 
post-tuberculous changes can be recognised clinically, and since 
in Finland tuberculosis is so prevalent that healthy persons may 
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readily come inte contact with diseased persons and thus contract 
subclinical tuberculosis, the possibility cannot be excluded that 
some of the positive reactions in my series of healthy individuals 
should be ascribed to this cause. Calmette vaccination, on the other 
hand, has thus far been performed in Finland almost exclusively 
on the new-born and my material hardly includes cases in which 
this would be the possible cause of positive reactions. The greatest 
difficulty is encountered in explaining the occurrence of the fre- 
quent positive reactions in tuberculin-negative persons, for the 
tuberculin test is generally considered so sensitive that it seldom 
gives a negative reaction in cases with a history of tuberculosis. 

In animal experiments, Fisher (100) obtained positive reactions 
in the hemagglutination and hemolysis tests with bacilli of the 
Mycobacterium species. Gaby et al. (102) inhibited these reactions 
by means of tuberculins prepared from apathogenic Mycobacteria 
of various types. It has been demonstrated earlier that the Mei- 
nicke reaction is as frequently positive in leprosy as in tuberculo- 
sis, and Levine (123) showed that the same is true with regard to 
the hemagglutination reaction. Meinicke (59) considered the diph- 
theria bacillus to be so closely related to the tubercle bacillus that 
it may cause positive reactions in serological tests for tuberculosis. 
Mycobacteria which are pathogenic for animals are not usually 
pathogenic for man. Apathogenic species are occasionally found 
in human subjects but since they usually do not produce a diseased 
condition but exist as saprophytes they probably induce no anti- 
body formation. Leprosy is practically extinct in Finland. During 
the Second World War, the incidence of diphtheria was very high 
in Finland but it has declined greatly during the recent years. In 
my series there is only 1 case of diphtheria, and it gave positive 
reactions in all the three tests. However, in view of the few cases that 
have occurred in Finland in the past few years, it does not seem 
probable that this disease would have caused false positive reac- 
tions in my series. Therefore the effect of bacteria mentioned above, 


on the reactions in my control series must be regarded as very ~ 


small or non-existent. 

Eickhoff (19) made the observation that serological tests for 
tuberculosis frequently give positive reactions in acute infectious 
diseases and advanced the opinion that non-tuberculous infections 
may raise again the amount of antibody against tuberculosis. The 
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cases of scarlatina in my series showed positive Meinicke reactions 
in 40.4 per cent, hemagglutination reactions in 34.5 per cent and 
hemolysis reactions in 25.9 per cent. These figures are slightly 
higher than those for non-tuberculous diseases in the entire mate- 
rial. The same observation was made with regard to pregnancy, as 
in this series the Meinicke test was positive in 47.6 per cent, the 
hemagglutination test in 33.3 per cent and the hemolysis test 
in 53.3 per cent. The difference was thus still greater between 
the pregnancy series and the series of non-tuberculous diseases. 
It is difficult to state whether we have here the stimulation of 
antibody formation suggested by Eickhoff or a true non-specific 
reaction. 

Although, as seen from the foregoing, there are various possi- 
bilities for explanation of the occurrence of negative reactions in 
tuberculosis and positive reactions in non-tuberculous diseases and 
healthy persons, I am of the opinion that the results obtained in 
my investigation are evidence that the serological tests which I 
have studied are specific for tuberculosis infection. The following 
observations support this opinion: 

1) The serological tests studied by me gave the highest inci- 
dence of positive reactions in cases of tuberculosis. Positive reac- 
tions were obtained in the different tests in 50—60 per cent of cases 
of pulmonary tuberculosis, in 30—35 per cent of extrapulmonary 
tuberculosis, and in 30—40 per cent of childhood tuberculosis. In 
non-tuberculous diseases, the reactions were positive in 20—30 
per cent and in healthy subjects in 5—15 per cent. 

2) A correlation between the clinical picture of the disease and 
the positive reactions was evident. Thus the extensive processes of 
exudative and exudative-productive types of pulmonary tuber- 
culosis gave the highest number of positive reactions; this was also 
true of cases with a history of pulmonary tuberculosis of several 
years’ duration and those with a high sedimentation rate. 

3) Absorption of the sera with a mixture of dried powdered 
staphylococci produced no marked fall in the titre levels, and at 
least a part of the slight decline may be ascribed to dilution of the 
serum during the absorption procedure. On the other hand, follow- 
ing the absorption of the sera with dried tubercle bacilli the posi- 
tive reactions disappeared completely from the sera of almost all 
tuberculotics and control subjects. 
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4) Statistically there was a definite difference between the 
incidence of positive reactions in healthy individuals, pregnant 
females and patients with non-tuberculous diseases and the in- 
cidence in patients with active tuberculosis. Thus all the three 
tests were negative in the series of healthy persons in 70+2.4 per 
cent, in pregnancy and non-tuberculous diseases in 56-+2.5 per 
cent, and in active tuberculosis %4+1.6 per cent. In the same 


series, at least two tests were ; ~ in 5+1.1 per cent, 22+2.0 
per cent, and 48+1.8 per ceni ively. 
5) In animal tests none of the ‘ly guinea pigs gave a posi- 


tive reaction, whereas 51.4 per e . of the guinea pigs infected 
with tubercle bacilli were positive in the hemagglutination test 
and 71.4 per cent in the hemolysis test. 
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SUMMARY 


In these studies on the diagnostic value of certain modern sero- 
logical tests for tuberculosis, three test methods were employed. 
The Meinicke test was performed according to the »Kuppen»techni- 
que, with main importance on the second reading of reactions. In the 
Middlebrook-Dubos hemagglutination test and in Middlebrook’s 
hemolytic modification of this test the antigen was a lyophilised 
powder prepared by me from tuberculin formed by tubercle bacillus 
strain Hj,Rv grown on Sauton culture medium. The strength of the 
antigen was determined by parallel titrations with Lederle, Berna 
and PPD Copenhagen tuberculins. Titres of 1: 16 and higher were 
regarded as positive in the hemagglutination and hemolysis tests. 

My case material comprised 718 cases of tuberculosis in the 
active phase, 107 cases in an inactive phase, and a control series 
of 271 healthy adults, 302 patients with non-tuberculous diseases, 
33 syphilitics, 45 pregnant females and 172 children who were 
healthy or affected with non-tuberculous diseases. 

In active pulmonary tuberculosis the highest incidence of posi- 
tive reactions was obtained in the Meinicke test, in which 302 out 
of 513 cases (58.9 per cent) were positive. In the hemagglutination 
test there were 259 positive reactions among 520 cases (49.8 per 
cent) and in the hemolysis test 284 positives in 520 cases (54.6 per 
cent). Extrapulmonary tuberculosis in adults gave positive reac- 
tions in 19 out of 59 cases (32.2 per cent) in the Meinicke test, 20 
out of 61 cases (32.8 per cent) in the hemagglutination test and 18 
out of 61 cases (29.5 per cent) in the hemolysis test. In inactive 
pulmonary tuberculosis the Meinicke test was positive in 24 out of 
106 cases (22.6 per cent), the hemagglutination test in 34 out of 
107 cases (31.8 per cent) and the hemolysis test in 28 out of 107 
cases (26.2 per cent). Positive reactions in childhood tuberculosis 
were obtained in 56 out of 134 cases (41.7 per cent) in the Meinicke 
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test, in 47 out of 137 cases (34.3 per cent) in the hemagglutina- 
tion test, and in 41 out of 137 cases (30.0 per cent) in the hemolysis 
test. 

In the series of healthy adults the Meinicke test was positive in 
5.5 per cent, the hemagglutination test in 11.1 per cent, and the 
hemolysis test in 15.3 per cent. The corresponding incidences in 
non-tuberculous diseases and pregnancy were 31.5 per cent, 21.3 per 
cent and 25.5 per cent, respectively, and in healthy children and 
children with non-tuberculous diseases they were 15.4 per cent, 
9.3 per cent and 16.3 per cent. 

In relation to the clinical picture of pulmonary tuberculosis, the 
highest incidence of positive reactions occurred in cases of extensive 
exudative or exudative-productive processes in the lungs. Thus 
the Meinicke reaction was positive in bilateral exudative pul- 
monary tuberculosis in 72.2 per cent, the hemagglutination reaction 
in 58.4 per cent, and the hemolysis reaction in 60.9 per cent of 
cases. In cases with a history of pulmonary tuberculosis of 5 years’ 
duration or longer the tests were positive in 78.5 per cent, 59.0 per 
cent and 62.3 per cent, respectively, and in cases with a sedimen- 
tation rate of 60 mm/I hr. and over the incidences were 72.7 per 
cent, 65.8 per cent and 55.3 per cent. Therapeutic measures of 
various kinds, such as chemotherapy and pneumothorax and 
other surgical procedures, did not appear to reduce the incidence 
of positive reactions. 

No improvement was obtained in the specificity of the hemag- 
glutination and hemolysis tests by repeated absorption of the sera 
with sheep red cells, for the titres were reduced in both the tuber- 
culosis series and the control series through this procedure. Absorp- 
tion with staphylococci, likewise, did not reduce the number of 
positive reactions in the control sera to any greater extent than in 
the tuberculous sera. On the other hand, absorption with tubercle 
bacilli changed nearly all the positive reactions to negative. 

After macro-electrophoretic fractionation of the antigen the 
fraction with the lowest protein content did not appear to sensi- 
tise red cells for the tuberculosis reactions. 

N«gative reactions were obtained in all three serological tests in 
70+2.4 per cent of healthy subjects, in 56+-2.5 per cent of cases of 
non-tuberculous diseases and pregnancy, in 50+4.9 per cent of 
cases of inactive pulmonary tuberculosis, and in 24+1.6 per cent 
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of cases of active tuberculosis. At least two tests were positive in 
5+1.1 per cent of healthy individuals, 22+2.0 per cent of adults 
with non-tuberculous diseases and pregnant females, 22+4.0 
per cent in inactive pulmonary tuberculosis, and 48+-1.8 per cent 
in active tuberculosis. 

The three serological tests used in this investigation showed 
approximately the same incidence of positive reactions in tuber- 
culosis. In the control series the results were also very similar in 
the three tests. On the basis of the results obtained in these two 
series, a combination of the Meinicke and the hemagglutination 
tests seems to be the most serviceable. 

The clinical values of the serological tests for tuberculosis 
studied in this investigation is moderate, for the reactions become 
positive only after fairly extensive areas are involved and the 
disease is already recognisable by other clinical methods. Fur- 
thermore, positive reactions are frequently obtained in cases in 
which evidence of an active tuberculotic process is not found by cli- 
nical methods of examination. 
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